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ABSTRACT
The causes  o f  d i s c o l o r a t i o n  i n  b readed  shr imp were 
d e t e r m in e d ,  and methods f o r  i t s  p r e v e n t i o n  were dev e lo p ed .
Exper im ents  showed t h a t  pH i s  r e s p o n s i b l e  f o r  some 
ty p e s  o f  d i s c o l o r a t i o n  r e a c t i o n s .  The f a c t o r s  o f  (1) tem­
p e r a t u r e  d u r in g  s t o r a g e ,  ( 2) days on i c e  p r i o r  to  b r e a d i n g ,  
(3) l e n g t h  of  t ime i n  s t o r a g e ,  and (4) s e c t i o n  o f  shr imp,  
i . e . ,  th e  a n t e r i o r  end o f  th e  t a i l  and th e  p o s t e r i o r  end 
o f  th e  t a i l ,  were t e s t e d  f o r  t h e i r  r o l e s  i n  a f f e c t i n g  pH 
changes .  D i f f e r e n c e s  i n  pH were r e c o g n iz e d  w i t h i n  th e  same 
shrimp sam p les .  The a n t e r i o r  end o f  t h e  t a i l  had  a lower 
pH than  th e  p o s t e r i o r  end.
The f o l lo w in g  c o n d i t i o n s  were e v a lu a t e d  a s  f a c t o r s  
which cou ld  i n f l u e n c e  o r  c a u se  d i s c o l o r a t i o n :  ( 1 ) tem p era ­
t u r e  o f  s t o r a g e ,  C2) i r o n  i o n s ,  (3) q u a l i t y  o f  th e  shrimp 
a t  th e  t im e o f  b r e a d i n g ,  and (4) l e n g t h  o f  t im e o f  s t o r a g e .  
A l l  were found to  be h ig h ly  s i g n i f i c a n t .  V a r io u s  i n t e r ­
a c t i o n s  between t h e s e  f a c t o r s  were a l s o  s t u d i e d .
An a s c o r b i c  a c i d - c i t r i c  a c id  m ix tu r e  was found to  
be e f f e c t i v e  i n  p r e v e n t in g  d i s c o l o r a t i o n ,  whereas sodium 
t r i p o l y p h o s p h a t e  was found to  be i n e f f e c t i v e .
V o l a t i l e  base prod uction  was eva lu a ted  in  Tespect to  
time and tem perature r e la t io n s h ip ,  because o f  t h e ir
ix
p o s s i b l e  invo lvem en t  i n  i n c r e a s i n g  th e  pH i n  th e  b rea d in g  
m a t e r i a l .
Commercial c o n d i t i o n s  which a r e  l i k e l y  to  cause  
d i s c o l o r a t i o n  d u r in g  th e  m an u fa c tu re  o f  b readed  shrimp a r e  
d i s c u s s e d ,  and recommendations a r e  o f f e r e d  f o r  i t s  p r e v e n ­
t i o n .  Severe  f i n a n c i a l  l o s s e s  may be avo ided  by fo l lo w in g  
t h e s e  s u g g e s t i o n s .
x
INTRODUCTION
To t h e  consumer,  th e  v i s u a l  ap p e a ran c e  o f  a food 
p r o d u c t  i s  e x t re m e ly  im p o r ta n t  when ju d g in g  i t s  a c c e p t a ­
b i l i t y .  When a food  p ro d u c t  does n o t  appea r  to  be i n  th e  
c o n d i t i o n  ex p e c te d  by the  cu s to m e r ,  i t  w i l l  u s u a l l y  be r e ­
j e c t e d ,  r e g a r d l e s s  o f  i t s  n u t r i t i o n a l  q u a l i t y .  Th is  i s  
u n d e r s t a n d a b le  from th e  knowledge t h a t  t h e  se n se  o f  s i g h t  
i s  o f  p r im ary  im por tance  when judg ing  what we e a t  o r  d o n ' t  
e a t .  The u n d e s i r a b l e  ap p ea ran ce  o f  food p ro d u c t s  i s  o f t e n  
t h e  r e s u l t  of  u n n a t u r a l  c o l o r s  produced by d i s c o l o r a t i o n  
r e a c t i o n s .
When a consumer f i n d s  d i s c o l o r a t i o n  i n  b readed  
sh r im p ,  he n a t u r a l l y  r e j e c t s  t h e  p r o d u c t .  The bTeaded 
shrimp may be i n  an e d i b l e  s t a t e ,  b u t  i t s  d i s c o l o r a t i o n  
ca u se s  i t  to  a p p e a r  s p o i l e d  o r  moldy, and t h e r e f o r e  u n ­
a c c e p t a b l e .
A lthough m i l l i o n s  o f  d o l l a r s  have been l o s t  by d i s ­
c o l o r a t i o n  d e v e lo p in g  in  b readed  sh r im p ,  r e l a t i v e l y  l i t t l e  
work has  been done i n  t h i s  f i e l d .  By i d e n t i f y i n g  th e  f a c ­
t o r s  which a r e  r e s p o n s i b l e  f o r  t h i s  p rob lem  and i n s t i t u t i n g  
a c t i o n s  t h a t  can  be taken  to  i n h i b i t  t h e s e  u n d e s i r a b l e  
r e a c t i o n s ,  a p r o d u c t  o f  a c c e p t a b l e  o r g a n o l e p t i c  q u a l i t y  
cou ld  be p roduced  on a r e g u l a r  and p r e d i c t a b l e  b a s i s .
The p u rpose  o f  t h e s e  expe r im en ts  was to  e v a l u a t e  
th e  f a c t o r s  which a r e  r e s p o n s i b l e  f o r  c a u s in g  o r  i n f l u e n c  
ing  d i s c o l o r a t i o n s  i n  b read ed  shr imp,  and to  t e s t  (1 ) an 
a s c o r b i c  a c i d - c i t r i c  a c id  mix and ( 2 ) sodium t r i p o l y p h o s ­
p h a t e ,  as p o s s i b l e  d i s c o l o r a t i o n  i n h i b i t i n g  a g e n t s .  A 
s i g h t  pan e l  was used  to  d e te rm in e  th e  d eg ree  o f  d i s c o l o r a  
t i o n  due to  v a r i o u s  f a c t o r s  and to  t e s t  th e  e f f e c t i v e n e s s  
o f  d i s c o l o r a t i o n  i n h i b i t i n g  a g e n t s .  The r o l e  o f  pH and 
v o l a t i l e  bases  i n  d i s c o l o r a t i o n  was a l s o  e v a l u a t e d .
REVIEW OF THE LITERATURE
D i s c o l o r a t i o n  i n  foods  i s  the  r e s u l t  o f  one o r  more 
p h y s i c a l  and chem ica l  p r o c e s s e s  whereby a food o r  i t s  com­
ponen ts  undergo c o l o r  changes which r e n d e r  i t  l e s s  a c c e p t ­
a b l e  to  th e  consumer. Such d i s c o l o r a t i o n s  i n  foods  a r e  
w id esp read  and d i v e r s e  in  n a t u r e .  U s u a l ly  th e y  a r e  v e ry  
complex, c h e m ic a l ly  and m i c r o b i o l o g i c a l l y , and may be 
caused  by i n f e r i o r  raw m a t e r i a l ,  poor m a n u fa c tu r in g  p r a c ­
t i c e s ,  m a lp ro c e s s in g ,  e t c .
Seafoods a r e  among t h e  food  p r o d u c t s  i n  which the  
phenomenon of  d i s c o l o r a t i o n  o c c u r s .  Many en v i ro n m en ta l  
c o n d i t i o n s  a r e  r e s p o n s i b l e  f o r  c a u s in g  o r  i n f l u e n c i n g  d i s ­
c o l o r a t i o n  r e a c t i o n s .  The f o l lo w in g  rev iew  d i s c u s s e s  th e  
ty p es  o f  seafood  o r  s e a f o o d - r e l a t e d  d i s c o l o r a t i o n s  t h a t  
have been  r e c o rd e d  i n  th e  l i t e r a t u r e ,  and f a c t o r s  in v o lv e d  
in  t h i s  phenomenon a r e  d i s c u s s e d  i n  d e t a i l .
I .  D i s c o l o r a t i o n s  O cc u r r in g  i n  Seafoods
A common type  o f  d i s c o l o r a t i o n  i n  sea food  o c c u rs  in  
canned sh r im p .  Thompson (70) d i s c u s s e d  t h i s  ty p e  o f  d i s ­
c o l o r a t i o n  and r e p o r t e d  t h a t  an a g e n t  w i t h i n  the  f l e s h  o f  
th e  shrimp i s  r e s p o n s i b l e  f o r  i n i t i a t i o n  and p r o d u c t i o n  o f  
th e  d i s c o l o r a t i o n .  The h e a t  p r o c e s s i n g  s t e p  i s  r e s p o n s i b l e
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4f o r  a c c e l e r a t i n g  th e  r e a c t i o n .  However, the  a u t h o r  goes 
on to  s t a t e  t h a t  t h i s  type  d i s c o l o r a t i o n  may be c o n t r o l l e d  
by th e  a d d i t i o n  o f  e i t h e r  c i t r i c  a c id  o r  lemon j u i c e .  
Thompson and Waters (71) found  t h a t  low a c i d  foods  p r o p a ­
g a t e  r a c t i o n s  o f  t h i s  n a t u r e .  L andgraf  (47) s t a t e d  t h a t  a 
h igh  pH in  canned shrimp would indeed c au se  d i s c o l o r a t i o n  
and t h a t  th e  pH was d i r e c t l y  r e l a t e d  t o  th e  c o n d i t i o n  o f  
t h e  shr imp b e f o r e  i t  was p u t  i n t o  th e  can .  As the  age of  
i c e d  shrimp i n c r e a s e s ,  so does  the  pH, and a l th o u g h  the  
shrimp may v i s u a l l y  ap p e a r  to  be i n  a c c e p t a b l e  form, the  
pH may be r e l a t i v e l y  h ig h .  He a l s o  found t h a t  an im p o r ta n t  
f a c t o r  i n  t h i s  type  o f  d i s c o l o r a t i o n  i s  the  s i z e  o f  the  
sh r im p ,  i n  t h a t  t h e  s m a l l e r  th e  shrimp s i z e ,  t h e  worse th e  
d i s c o l o r a t i o n .  He found no s i g n i f i c a n t  i n c r e a s e  i n  d i s ­
c o l o r a t i o n  when the  shrimp were p e e le d  by hand a s  opposed 
to  machine p e e l i n g .  He conc luded  t h a t  t h e  most s i g n i f i c a n t  
f a c t o r  i n  p r e v e n t in g  g r a y in g  i n  shrimp i s  canning  a p ro d u c t  
o f  s a t i s f a c t o r y  q u a l i t y .
'’G re en in g '1 o f  tuna  f i s h  meat i s  a n o th e r  common type  
o f  sea fo o d  d i s c o l o r a t i o n .  B i to  (9) s t a t e d  t h a t  t h e  d i s ­
c o l o r a t i o n  o f  f r o z e n  tu n a  meat b lo c k s  cou ld  be r e l a t e d  to  
the  l e n g th  o f  t ime i t  t a k e s  th e  tuna  to  go from -5°C to  
-1 .5°C  when thawing o u t .  The l e n g th  o f  time i t  t a k e s  the  
tu n a  meat to  go th ro u g h  t h i s  c r i t i c a l  t e m p e ra tu r e  ran g e  i s  
a l s o  v e ry  i m p o r t a n t ,  because  th e  lo n g e r  the  t im e ,  the  
h e a v i e r  th e  d i s c o l o r a t i o n ,  B i to  and Amano (10) s t a t e  t h a t  
su l fm y o g lo b in  o r  su l fh aem y o g lo b in  a r e  m ajor  c o n s t i t u e n t s
5o f  th e  " g re e n "  t u n a ,  and s u g g e s t  t h a t  i n  o rd e r  to  p r e v e n t  
th e  d i s c o l o r a t i o n ,  th e  f i s h  shou ld  n o t  be co n tam in a ted  w i th  
b a c t e r i a  b e f o r e  f r e e z i n g .  As w i t h  many o t h e r  p a p e r s ,  i t  
was s t r e s s e d  t h a t  i n d u s t r y  must s t a r t  o u t  w i th  a good 
p r o d u c t  t o  a v o id  d i s c o l o r a t i o n .  Koizumi (43) d i d  n o t  
t h i n k  t h a t  su l fm y o g lo b in  was a c o n s t i t u e n t  o f  " g re e n "  t u n a ,  
b ec au se  i t s  a b s o r p t i o n  s p e c t r a  d id  n o t  a g r e e  w i th  the  ab ­
s o r p t i o n  maxima o f  g r e e n  tu n a  p ig m e n t .  D o l l a r  and o t h e r s  
(17) found t h a t  f i s h  which d eve loped  " g re e n "  meat u s u a l l y  
had l e s s  t o t a l  heme p ig m e n ts ,  more f e r r i h e m e  as opposed to  
fer rohem e p ig m e n ts ,  and h ig h e r  p e ro x id e  c o n t e n t  i n  th e  
l i p i d s .  T h e i r  work i n d i c a t e d  t h a t  f a c t o r s  such as  pH and 
t o t a l  r e d u c in g  s u b s t a n c e s  had l i t t l e  s i g n i f i c a n c e  i n  c a u s ­
ing  g r e e n in g  d i s c o l o r a t i o n  i n  t u n a .  Work by Ono and 
Tawara (58) showed t h a t  tuna  meat  which had a tendency  to  
t u r n  g reen  a l s o  had a weaker power o f  d e c o l o r i z i n g  a redox 
i n d i c a t o r .  A r e l a t i o n s h i p  between g r e e n  d i s c o l o r a t i o n  in  
tu n a  meat and th e  amount o f  t r im e th y la m in e  o x id e  has  been 
r e p o r t e d  (3 ) .  This  s t r o n g l y  i n d i c a t e s  t h a t  f r e s h n e s s  i s  a 
f a c t o r  which i n f l u e n c e s  t h i s  ty p e  of  s e a fo o d  g r e e n i n g .  
Yamagata and o t h e r s  (82) deve loped  a method f o r  d e t e rm in in g  
t r im e th y la m in e  ox ide  t o  a s s e s s  g r e e n in g  i n  tu n a .  Yamagata 
and o t h e r s  (81) a l s o  showed a r e l a t i o n s h i p  between t r i ­
methylamine o x id e  and myoglobin c o n t e n t  o f  the  raw m eat .  
They a l s o  expe r im en ted  w i th  th e  e f f e c t s  o f  cooking tem p era ­
t u r e  and t im e to  a s s e s s  g r e e n in g .  B i to  (8 ) s t u d i e d  the
6e f f e c t s  o f  th e  p a r t i a l  p r e s s u r e  o f  oxygen on the  d i s c o l o r a ­
t i o n  o f  f r o z e n  tuna  m eat .  This  was done by u s in g  d i f f e r e n t  
packag ing  m a t e r i a l s .
Brown and Tappe l  (12) s t u d i e d  th e  p in k  pigments  p r o ­
duced i n  p recooked  and canned t u n a .  They found t h a t  a 
hemochrotne i s  th e  c a u s a t i v e  a g e n t  i n  d i s c o l o r a t i o n .  A 
r e d u c in g  s u b s t a n c e ,  such  as a s c o r b i c  a c i d ,  cou ld  be used  to  
s t a b i l i z e  th e  p igm ent .
Thompson and F a r r a g u t  (72) made a s tu d y  of  a g reen  
d i s c o l o r a t i o n  t h a t  o c c u r s  o c c a s i o n a l l y  i n  b readed  shr im p .  
They found t h a t  t h e  d i s c o l o r a t i o n  was n o t  s o l u b l e  in  o r ­
g a n ic  s o l v e n t s  b u t  was s o l u b l e  i n  w a te r ,  i n d i c a t i n g  t h a t  
th e  pigment was i n o r g a n i c  i n  n a t u r e .  A lthough  they  d id  n o t  
c a r r y  o u t  an  e x t e n s iv e  m i c r o b i o l o g i c a l  ex am in a t io n  o f  th e  
g re e n  b re ad e d  shrimp sam ples ,  th e y  co n c lu d ed  on th e  b a s i s  
o f  t h e i r  t e s t  t h a t  t h e  problem was n o t  caused  by m ic ro ­
o rg an ism s .  T h e i r  e x p e r im e n ta l  r e s u l t s  i n d i c a t e d  t h a t  the  
g re e n  shrimp u s u a l l y  had a pH o f  abou t  7 .8  and n o n -g reen  
shrimp had a pH o f  a b o u t  7 .4 .  The a u th o r s  were a c t u a l l y  
a b l e  to  r e p ro d u c e  th e  g ree n in g  i n  b readed  shrimp by i n c o r ­
p o r a t i n g  m e t a l  ( i r o n )  d u s t  i n  t h e  shrimp t i s s u e .  In  t h e i r  
c o n c lu s io n s  on g reen  c o l o r  p r o d u c t i o n ,  th e y  s a i d  t h a t  c e r ­
t a i n  f a c t o r s  a r e  n e c e s s a r y  i n  o r d e r  to  p roduce  g re e n in g  in  
b readed  sh r im p .  M eta l  d u s t  must  s e t t l e  on th e  shrimp meat 
and be d i s s o l v e d ,  th e  shrimp must have a h ig h  pH th u s  
c r e a t i n g  an ammonia en v i ro n m en t ,  the  shr imp has to  go
7th rough  f r e e z i n g  and thawing c y c l e s ,  and a s u f f i c i e n t  
amount o f  s t o r a g e  t im e .  The a u t h o r s  b e l i e v e  ammonia 
r e a c t s  w i th  i r o n ,  c o p p e r ,  n i c k e l ,  and o t h e r  m e ta l s  to  form 
complexes such a s  t h e  fo l lo w in g :
(NHOCr(S(M2*12H20 
NHi,Cl *NiCl • 6H2O 
( N H t j )  3 F e  ( C 2 O 1, )  3  * 3 H 2 0  
Recommendations to  a l l e v i a t e  the  problem d u r in g  
p r o c e s s in g  a r e  as  f o l l o w s :  ( 1) m e ta l  components shou ld  be
complexed i n  th e  b a t t e r  by u se  o f  c h e l a t i n g  a g e n t s ,
(2) shr imp having a low pH sh o u ld  be used  in  p r o c e s s i n g ,  
and (3) c a r e  sh o u ld  be ta k e n  in  th e  te m p e ra tu re  used  to  
i n i t i a l l y  f r e e z e ,  s t o r e  and t r a n s p o r t  th e  p ro d u c t .
S i e l i n g  (65) s a i d  t h a t  th e  g r e e n ,  brown, y e l lo w ,  
r e d  and b l a c k  d i s c o l o r a t i o n s  o c c u r r i n g  i n  o y s t e r s  can  be 
a t t r i b u t e d  to  s e v e r a l  f a c t o r s .  He p o i n t s  o u t ,  f o r  example, 
t h a t  some a lg a e  e a t e n  by o y s t e r s  w i l l  c au se  the  o y s t e r  to 
t a k e  on the  same c o l o r  a s  th e  a l g a e ,  w h i le  r ed  p igmented  
organism s (naked d i n o f l a g e l l a t e s )  can cause  o y s t e r s  to  
become r e d .  This  paper  d i s c u s s e d  t r a c e  m e ta l s  i n  w a te r  
which a r e  c a p a b le  o f  d i s c o l o r a t i o n  in  o y s t e r  s h e l l s .
Kimura (45) found t h a t  a g re e n  d i s c o l o r a t i o n  i n  o y s t e r s  
was due to  p l a n k t o n .  D e te rm in a t io n s  made on th e  p igm ents  
showed t h a t  they  were composed o f  c h l o r o p h y l l  and c a r o t e -  
n o i d s ,  and t h a t  th e  i n t e n s i t y  o f  t h e  c o l o r a t i o n  depended 
upon the  amount o f  c h l o r o p h y l l  a i n  th e  w a te r ,  Osada (59)
8found no r e l a t i o n s h i p  between th e  g r e e n  pigment c o n t e n t  
and amount o f  Fe ,  Zn, Mg, and Cu in  canned o y s t e r s .  Osada 
(60) e x t r a c t e d  g r e e n  p igm ents  from th e  e n t r a i l s  o f  canned 
o y s t e r s  u s in g  10% HC1 in  a c e to n e .  In  h i s  r e s e a r c h ,  t h r e e  
g re e n  p igm ents  g i v i n g  n e g a t i v e  b i l e  t e s t  were i s o l a t e d ,  
and th e y  were found n o t  to  be copper  c h e l a t e s .
F u j im o to ,  Maruyana, and Kaneda (25) found t h a t  a 
brown d i s c o l o r a t i o n  may o ccu r  d u r in g  t h e  s t o r a g e  o f  f i s h  
p r o d u c t s .  They blame c a rb o n y l  compounds formed from a u to -  
o x id i z e d  o i l  w i th  v a r i o u s  amino a c i d s .  Koizumi, Kurobe, 
and Nonaka (44) s a i d  t h a t  browning which o ccu rs  i n  d r i e d  
f i s h  i s  r e l a t e d  t o  a ld e h y d es  d e r iv e d  from o x i d a t i o n  
p r o d u c t s  o f  f i s h  o i l s .  Nakamura and Kida (56) found t h a t  
browning co u ld  be p r e v e n te d  i n  h e a d l e s s  shrimp by immersing 
the  shrimp i n  i c e d  s e aw a te r  c o n t a i n i n g  0.51 Na D - i s o a s c o r -  
b a t e  f o r  one h o u r .  Accord ing  to  th e  e x p e r im e n ta l  p r o c e ­
d u r e s ,  th e  shr imp were th e n  f r o z e n  o v e r n i g h t  a t  -25°C, 
g la z e d  w i th  th e  above s o l u t i o n  and t h e n  s t o r e d  a t  -18°C to  
-23°C. Toyama and Miyoshi (74) found t h a t  shrimp d ipped  i n  
10% f o r m a l i n  r e t a i n e d  i t s  c o l o r  v e ry  w e l l  f o r  5 months i n  
t h e  p r e s e n c e  o f  an o x i d a n t .
A gzh i tova  (1) found t h a t  a y e l lo w in g  which o ccu rs  
i n  f i s h  i s  an i n d i c a t i o n  o f  f a t  o x i d a t i o n .  This  ye l low  
d i s c o l o r a t i o n  i n  f i s h  a c t u a l l y  o c c u rs  tw ice  i n  s t o r a g e .  
C a ro ten e  was found to  be r e s p o n s i b l e  f o r  i n i t i a l  y e l lo w in g  
w i th  f i s h  c o n t a i n i n g  more th a n  1 0 % f a t ;  however, t h i s
9y e l lo w in g  i s  n o t  m a in ta in e d  th ro u g h o u t  s t o r a g e  c o n d i t i o n s .  
Yellowing o c c u rs  a g a in  d u r in g  t h i s  same s t o r a g e  p e r i o d ,  
and i t  i s  th o u g h t  to  be a r e s u l t  o f  o x i d a t i o n .  He p o in t e d  
o u t  t h a t  a l th o u g h  o x i d a t i o n  o cc u r red  in  f i s h  w i th  l e s s  f a t ,  
t h e r e  was no l o s s  o f  f l a v o r .  Yakovleva (80) found a 
y e l lo w in g  in  th e  su bcu taneous  f a t  l a y e r  o f  f i s h  which a p ­
p a r e n t l y  was n o t  r e l a t e d  to  o x i d a t i o n .  He n o te d  t h a t  
t h e r e  was a r e l a t i o n s h i p  i n  th e  amount o f  c a r o t e n e  c o n t e n t  
i n  th e  f i s h  and th e  d eg ree  o f  ye l low ing  d i s c o l o r a t i o n .  He 
s a i d  t h a t  due to  f r e e z i n g  and therm al  p r o c e s s e s ,  d e n a t u r i -  
z a t i o n  o f  the  p r o t e i n  c o u ld  o ccu r  and f r e e  the  c a r o t e n o id  
p igm ent from th e  p r o t e i n  a l lo w in g  the  c a r o t e n o i d  m a t e r i a l  
to  become s o l u b i l i z e d  i n  t h e  f a t .  Accord ing  t o  T se lu ik o  
(75) t h e r e  was no r e l a t i o n s h i p  between ’’y e l lo w in g ’1 and th e  
o x i d a t i o n  s p o i l a g e  o f  f a t  t h a t  o ccu rs  in  f r e e z i n g  o f  f r e s h  
A t l a n t i c  h a r d t a i l  and s a r d i n o p s .  The f i s h  were g l a z e d  and 
were k e p t  under  c o n s t a n t  t e m p e ra tu r e  from - Z 2 ° C  to  -24°C.
An a r t i c l e  i n  P a c i f i c  F isherman (2) r e f e r s  t o  th e  
’’b l u i n g ” o c c u r r i n g  i n  k ing  c r a b  m eat .  Th is  d i s c o l o r a t i o n  
p r o c e s s  i s  due to  th e  f a c t  t h a t  the  king c ra b  c o n t a i n s  a 
h ig h  p e r c e n t a g e  o f  copper  i n  i t s  blood which may be o x i ­
d iz e d  d u r in g  p r o c e s s in g  to  p roduce  a b lu e - g r a y  c o l o r .  The 
a r t i c l e  s t a t e d  t h a t  from 10-15% o f  the  t o t a l  body w e ig h t  
of  a k in g  c ra b  i s  b lo o d .  Inoue and Motohiro  (37) i s o l a t e d  
a b lu e  c o l o r a n t  from b lu e  m ea t .  The s u b s t a n c e  had a h igh  
coppe r  c o n t e n t  and gave a p o s i t i v e  hem o cy an in - l ik e
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r e a c t i o n .  They conc luded  t h a t  th e  d i s c o l o r a t i o n  was due 
to  a hemocyanin d e r i v a t i v e .  Inoue and Motohiro (38) s t a t e d  
t h a t  a g g l u t i n a t i o n  o f  th e  hemocytes o f  hemolymph in  a 
p lasma c l o t  cou ld  be  r e s p o n s i b l e  f o r  t h e  b lu e  c o l o r a t i o n .  
Waters (78) found t h a t  th e  f o l lo w in g  f a c t o r s  d id  n o t  a f f e c t  
t h e  " b l u i n g "  o f  canned  c r a b :  ( 1) th e  method o f  vacuum
p r o c e s s i n g ,  (2) th e  u se  o f  parchm ent  l i n e r ,  (3) t h e  p l a n t  
w a te r  i n  p r o c e s s i n g ,  (4) th e  u se  o f  d y in g  and dead c r a b s ,  
and (5) s e v e r a l  m e ta l  i o n s .  He d id  s t a t e ,  however,  t h a t  
i r o n ,w a s  d e f i n i t e l y  in v o lv e d  i n  th e  d i s c o l o r a t i o n .  The 
u s e  o f  c i t r i c  a c id  a t  pH 6 . 5 - 6 .8  p r e v e n t e d  th e  fo rm a t io n  
o f  the  " b l u i n g , "  though a s c o r b i c  a c i d  d id  n o t  have any 
a p p r e c i a b l e  e f f e c t  i n  p r e v e n t in g  th e  d i s c o l o r a t i o n .
P e d r a j a  (61) r e p o r t e d  a n o th e r  ty p e  o f  d i s c o l o r a t i o n  
which o c c u r s  i n  sh r im p .  He s t a t e d  t h a t  even a f t e r  d e a t h ,  
t h e  f l e s h  o f  th e  shr imp i s  s t i l l  i n  a dynamic s t a t e  and 
changes cou ld  o ccu r  as  a r e s u l t  o f  t h i s . He s a i d  t h a t  
t h e r e  a r e  t h r e e  b a s i c  p igm ents  i n  sh r im p:  (1 ) haemocyanin,
(2) th e  m e la n in s ,  and (3) a s t a x a t h i n ,  a c a r o t e n o i d .  
Haemocyanin, a copper  p r o t e i n  compound which  o c c u rs  on th e  
o u t s i d e  o f  th e  sh r im p b lood  c e l l ,  c o u ld  l e a d  to  d i s c o l o r a ­
t i o n  under  c e r t a i n  c o n d i t i o n s .  The co p p e r  may be f r e e d  
from th e  compound and then  become p a r t  o f  a r e a c t i o n  i n  
the  i o n i c  s t a t e ,  which may be r e s p o n s i b l e  f o r  d i s c o l o r a t i o n .
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D i s c o l o r a t i o n  can be b ro u g h t  ab o u t  by p r o c e s s i n g  
and s t o r a g e  c o n d i t i o n s .  S ince  b readed  shrimp a r e  u s u a l l y  
h e ld  f o r  c o n s i d e r a b l e  l e n g t h s  o f  time b e f o r e  consum ption ,  
t h e  im por tance  of  good s t o r a g e  c o n d i t i o n s  sh o u ld  be empha­
s i z e d .
F au lkner  and Watts  (22) s t a t e d  t h a t  p recooked  f r o z e n  
shrimp k e p t  under  s t r e s s e d  s o t r a g e  c o n d i t i o n s  co u ld  have 
d e t e r i o r a t i v e  changes i n  c o l o r ,  f l a v o r  and odor a f t e r  3 
months .  However, when th e  same ty p e  o f  shrimp were s t o r e d  
under  optimum c o n d i t i o n s ,  they  co u ld  be s t o r e d  up to  10 
months w i th o u t  s i g n i f i c a n t  change .  S i m i l a r l y ,  Lane (49) 
s t a t e d  t h a t  f r o z e n  s e a f o o d s '  q u a l i t y  depends on t im e and 
t e m p e r a tu r e .  The r e l a t i o n s h i p  seems to  i n d i c a t e  t h a t  th e  
lower th e  t e m p e ra tu r e  o f  th e  p r o d u c t ,  th e  lo n g e r  i t  can be 
k e p t  i n  d e s i r a b l e  form. F u r t h e r ,  he s a i d  t h a t  two f a c t o r s  
i n f l u e n c e  th e  q u a l i t y  o f  s e a fo o d s  when t e m p e r a tu r e s  f l u c ­
t u a t e .  The f i r s t  f a c t o r  i s  th e  amount o f  t ime over  which 
the  f l u c t u a t i o n s  o c c u r r e d ,  and th e  second i s  t h e  te m p e ra ­
t u r e  r an g e  th e  p r o d u c t  i t s e l f  u n d e rg o e s .  He found  t h a t  
f l u c t u a t i o n s  over  0°F do more harm th a n  t e m p e ra tu r e s  below 
0°F. Lane co n c lu d es  t h a t  t e m p e r a tu r e  changes have a cumu­
l a t i v e  e f f e c t  on s t o r a g e  l i f e .  He s a i d  t h a t  th e  lo n g e r  i t  
t a k e s  to  i n i t i a l l y  f r e e z e  a sea food  p r o d u c t ,  th e  s h o r t e r  
w i l l  be th e  time th e  p ro d u c t  can be s t o r e d .  However, t h i s
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i s  n o t  as  c r i t i c a l  as  the  t e m p e ra tu r e  a t  which the  p r o d u c ts  
a r e  h e ld  d u r in g  th e  s t o r a g e  p e r i o d .
K e l ly  and D unnct t  (40) showed t h a t  f i s h  f i l l e t s  
f r o z e n  a t  -7°C and th e n  s t o r e d  a t  -7°C d id  n o t  d e t e r i o r a t e  
any f a s t e r  th an  f i s h  f i l l e t s  f r o z e n  a t  -195°C and s t o r e d  
a t  -7°C,  i n d i c a t i n g  t h a t  q u a l i t y  d id  v a ry  a t  t h e s e  f r e e z ­
ing  t e m p e r a tu r e s .  Lane (48) s t u d i e d  th e  t e m p e ra tu r e  f l u c ­
t u a t i o n s  t h a t  a se a fo o d  p r o d u c t  undergoes  w h i l e  being  d e ­
l i v e r e d  to  commercia l  o u t l e t s .  He found t h a t  th e  ave rage  
te m p e r a tu r e  o f  t h e  t r u c k  was 7 ,8 ° F ,  th e  f r e e z e r  warehouses 
was - 8 .0 ° F ,  the  warehouse h o ld in g  te m p e r a tu r e  was -10° to  
-S°F, th e  r e t a i l  d i s t r i b u t i o n  t r u c k s  was 24 .0°F  and the  
r e t a i l  f r e e z e r  c a b i n e t s  were 5 .0 ° F .  He s t a t e d  t h a t  the  
a r e a s  t h a t  need th e  most improving i n  t h i s  c h a i n  a r e  the  
l o c a l  d i s t r i b u t i o n  c a r r i e r  and th e  r e t a i l  o u t l e t s .  He 
i n d i c a t e d  t h a t  t h e  p r o d u c t  sh o u ld  n ev e r  be s t o r e d  above 
th e  food  l i n e r  i n  r e t a i l  f r e e z e r  c a b i n e t s .
M ic roorgan ism s ,  pH, V o l a t i l e  
Bases ,  and Decom posit ion
Shrimp i s  a h ig h ly  p e r i s h a b l e  p r o d u c t .  The c o n d i ­
t i o n  under  which t h i s  raw m a t e r i a l  i s  r e c e i v e d  f o r  p r o c e s s ­
ing can i n f l u e n c e  th e  q u a l i t y  o f  th e  f i n a l  p r o d u c t .  I t  i s  
o f  s i g n i f i c a n c e ,  t h e n ,  to  d i s c u s s  th e  work o f  p re v io u s  
w orkers  as  f a r  as  th e  numbeT o f  o rgan ism s found  in  shrimp 
p r o d u c t s  and f a c t o r s  which can ca u se  i n c r e a s e s  and d e ­
c r e a s e s  i n  numbers o f  b a c t e r i a .  D i s c o l o r a t i o n  i s
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a s s o c i a t e d  w i th  d e c o m p o s i t io n  o f  t h e  shr im p.  S ince  b a c ­
t e r i a  a r e  r e s p o n s i b l e  f o r  a r e a s o n a b le  amount o f  breakdown, 
th e  f o l lo w in g  l i t e r a t u r e  rev iew  i s  im p o r ta n t  f o r  u n d e r ­
s t a n d in g  t h e  r o l e  t h a t  m ic roorgan ism s  p l a y .  I t  i s  e s p e ­
c i a l l y  im p o r ta n t  t o  keep  in  mind th e  time i n t e r v a l  and 
c o n d i t i o n  o f  s to r a g e  o f  th e  shrimp from t ime o f  d e a th  u n t i l  
b read e d  and f r o z e n .  T h is  i s  a c r i t i c a l  p e r i o d  o f  t ime when 
d e c o m p o s i t io n  can o cc u r  to  a v a r y in g  d e g ree  depending  upon 
h an d l in g  m e thods .  F a c t o r s  such as  pH and th e  c o n c e n t r a t i o n  
o f  compounds formed from d e c o m p o s i t io n ,  which i n f l u e n c e  pH, 
a r e  d i s c u s s e d .
Luna (51) t e s t e d  chem ical  and b a c t e r i a l  changes o f  
shrimp a t  5°C and 24°C o v e r  an ex tended  p e r i o d  o f  t im e .
He s t a t e d  t h a t  d e c o m p o s i t io n  and q u a l i t y  can  be e v a lu a t e d  
by t o t a l  p l a t e  c o u n t ,  pH and t o t a l  v o l a t i l e  b a s e s ,  H a r r i ­
son and Lee (31) found t h a t  th e  b a c t e r i o l o g i c a l  count i n  
raw P a c i f i c  shrimp ra n g e d  from 1 .3  X 106 to  3 .0  X 10* b a c ­
t e r i a  p e r  gram. The m ost  p redom inan t  type  o f  b a c t e r i a  
p r e s e n t  was A c i n e t o b a c t e r -M o r a x e l l a . F la v o b a c te r iu m  was 
n e x t  i n  p redom inance .  Pseudomonas,  gram p o s i t i v e  c o c c i ,  
and B a c i l l u s  s p e c i e s  were  o th e r  common m icroorgan ism s  
p r e s e n t .
R e sea rch  done by Hoff  and coworkers  (33) d i s c u s s e s  
t h e  e f f e c t s  o f  t ime and te m p e ra tu r e  upon th e  b a c t e r i a l  
q u a l i t y  o f  s h e l l f i s h .  They found t h a t  t h e r e  were  no s e a s ­
o n a l  p a t t e r n s  i n  b a c t e r i o l o g i c a l  changes i n  l i v e  s h e l l f i s h .
14
Under s t o r a g e  c o n d i t i o n s  o f  l i v e  s h e l l f i s h ,  t h e r e  was v e ry  
l i t t l e  pH change a t  10° ,  20°,  and 27.5°C. In  a n o th e r  
p ap e r  by Hoff and o t h e r s  ( 3 4 ) ,  th e  e f f e c t s  of  shucked o y s ­
t e r s  s t o r e d  in  c ru sh ed  i c e  and a t  more e l e v a t e d  te m p e ra ­
t u r e s  was s t u d i e d .  Data c o l l e c t e d  by them showed t h a t  
t h e r e  was a poor r e l a t i o n s h i p  between the  changes i n  pH 
and the  changes i n  b a c t e r i a l  numbers.
B a i l e y  and o t h e r s  ( 6 ) conc luded  from t h e i r  work 
t h a t  a b a c t e r i a l  c o u n t  o f  10 X 106 p e r  gram o r  h ig h e r  a p ­
p e a r in g  on h e a d l e s s ,  s h e l l - o n  shrimp d e n o te s  p r o d u c t s  i n  
a s p o i l e d  c o n d i t i o n ,  sp eak in g  h e re  p r i m a r i l y  o f  i c e d  shr im p.  
They go on to  say t h a t  shrimp w i th  a pH below 7,7  a r e  con­
s i d e r e d  to  be prime q u a l i t y ,  shrimp w i th  a pH between 7.7 
and 7 .95  a r e  n o t  s p o i l e d  b u t  a r e  o f  poor  q u a l i t y ,  and 
shrimp w i th  a pH h ig h e r  th an  7 .95 a r e  s p o i l e d  o r  n ea r  
s p o i l e d .
F in d in g s  i n  work by Dyer and cow orkers  (18) c o n ­
c lu d e d  t h a t  t h e  s p o i l a g e  o f  most f i s h e r y  p r o d u c t s  o cc u rs  
on the  s u r f a c e  o f  t h e s e  p r o d u c t s  by means o f  b a c t e r i a l  
a c t i o n ,  and the  b e s t  way to  d e t e c t  t h i s  d e c o m p o s i t io n  i s  
by m easur ing  th e  end p r o d u c t s  o f  t h e s e  b a c t e r i a l  a c t i o n s .  
They go on t o  say t h a t  s im ply  m easur ing  t h e  pH o f  th e  
p ro d u c t  w i l l  g iv e  a good i n d i c a t i o n  o f  th e  f r e s h n e s s .
T h e i r  work a l s o  showed t h a t  f r e s h  f i s h  (on th e  s u r f a c e )  
w i l l  have a pH ran g e  o f  6 .2  to  6 . 8  and t h a t  r e a d in g s  above 
t h i s  pH r a n g e  a r e  i n d i c a t i v e  o f  s p o i l a g e .  The h i g h e r  the
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pH above 6 . 8 , the  more s p o i l e d  the  p ro d u c t  can be assumed 
to  be.
A p ap e r  by F ie g e r  and o t h e r s  (23) s a i d  t h a t  i f  
shrimp a r e  n o t  i c e d  p r o p e r ly  a f t e r  c a t c h i n g ,  t h e  numbers 
o f  b a c t e r i a  w i l l  i n c r e a s e  r a p i d l y .  They showed t h a t  i f  
shrimp had n o t  been i c e d  p r o p e r l y ,  a t h r e e - f o l d  i n c r e a s e  
o c c u r r e d  i n  b a c t e r i a l  numbers a f t e r  e l e v e n  days as  com­
p a re d  to  a p r o p e r l y  i c e d  sam ple .  They a l s o  s a i d  t h a t  
m e la n o s i s ,  a d i s c o l o r a t i o n ,  can a l s o  occur  i f  th e  shrimp 
a r e  n o t  i c e d  p r o p e r l y .  Green (30) showed t h a t  t h i r t e e n  
samples o f  f r e s h l y  c a u g h t ,  h e a d l e s s ,  washed shrimp con ­
t a i n e d  o n ly  7 .4  X 10 3 b a c t e r i a  p e r  gram b u t  a f t e r  10 days
on i c e  th e  samples numbers i n c r e a s e d  to  1 .0  X 10* o r  more.
The numbers o f  b a c t e r i a  i n  p recooked  f r o z e n  C h i le a n
shrimp was s t u d i e d  by V i r g i l o  e t  a l .  ( 7 7 ) .  They found t h a t
th e  numbers ranged  from 1 .0  X 10“ to  1 .0  X 10s o rgan ism s 
p e r  gram. They p o i n t e d  ou t  t h a t  t h e r e  was a r e l a t i o n s h i p  
between th e  number of  b a c t e r i a  and the  s a n i t a r y  c o n d i t i o n s  
under  which  the  shrimp were p roduced .
R esea rch  c a r r i e d  o u t  by S i lverm an  and coworkers  (6 6 ) 
t e s t e d  f o r  b a c t e r i a l  numbers i n  v a r io u s  f r o z e n  shrimp 
p r o d u c t s .  The numbers were h ig h e r  i n  raw p r o d u c t s  as  op­
posed  to  p recooked  p r o d u c t s .  The h i g h e s t  number was 
9 .4  X 1 0 6 found  i n  p e e le d  raw sh r im p .  The h ig h  number i n  
raw b read e d  shrimp was 2 .9  X 106 w h i le  th e  low was 
5 .2  X 10“ .
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Holmes and McCleskey (35) showed t h a t  p e e l e d  shrimp 
had a s m a l l e r  p o p u l a t i o n  o f  b a c t e r i a  than  u n p ee led  sh r im p ,  
and t h a t  f r e e z i n g  th e  shr imp a t  -40°F caused  the  b a c t e r i a l  
p o p u l a t i o n  to  d e c r e a s e  more on p e e le d  shrimp than  un p ee led  
sh r im p .
Consumer R epor ts  (24) r a n  b a c t e r i a l  c o u n t s  on 
b readed  shrimp samples from v a r i o u s  p r o c e s s o r s .  They s a id  
t h a t  a l th o u g h  b a c t e r i a  a r e  p r e s e n t  i n  n e a r l y  a l l  f o o d s ,  a 
h ig h  p l a t e  co u n t  can be i n d i c a t i v e  o f  poor m a n u fa c tu r in g  
p r a c t i c e .  They found t h a t  most o f  th e  b readed  shrimp 
samples  th ey  t e s t e d  d id  n o t  have s a t i s f a c t o r y  b a c t e r i a l  
c o u n t s .
K ach ik ian  and o t h e r s  (39) a l s o  s t u d i e d  th e  b a c t e r i a l  
c o n t e n t  o f  b read e d  shr im p.  They found t h a t  t h e r e  was a 
l a r g e  d i f f e r e n c e  i n  th e  numbers o f  b a c t e r i a  i n  d i f f e r e n t  
sam ples .  The lo w e s t  v a l u e  was 2 .25  X 10** b a c t e r i a  p e r  
gram and th e  h ig h  v a lu e  was 5.4 X 107 b a c t e r i a  p e r  gram. 
B a c t e r i a l  numbers were l e s s  th an  1 .0  X 1G6 i n  61% o f  the  
sam ples .  He s t a t e s  t h a t  th e  d i f f e r e n c e  in  b a c t e r i a  popu­
l a t i o n  i s  due to  th e  p r o c e s s  t h a t  headed shrimp have gone 
th ro u g h .
In  work done by N ick e rso n  (57) i t  was found t h a t  
b a c t e r i a l  numbers v a r i e d  i n  f r o z e n  b readed  sh r im p .  His 
f i n d i n g s  ran g ed  from 2.4 X 101* t o  6 .0  X 106 b a c t e r i a  p e r  
gram. Of the  136 samples t h a t  they  examined, 48% had more 
th a n  1 .0  X 106 b a c t e r i a  p e r  gram.
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B a c t e r i a l  numbers i n  raw breaded  shrimp were d e t e r ­
mined i n  r e s e a r c h  by S urk iew icz  and coworkers  (6 8 ) .  They 
found t h a t  85% of t h e  samples produced under  a good s a n i ­
t a r y  environm ent  had l e s s  th a n  1 .0  X 106 b a c t e r i a  p e r  gram. 
In t h e i r  work, i t  was d em o n s t ra ted  t h a t  t h e  b a t t e r  u sed  in  
c o a t i n g  th e  shrimp i s  a good v e h i c l e  f o r  b a c t e r i a l  co n ­
t a m in a t io n  i f  i t  has  n o t  been t r e a t e d  p r o p e r l y .  They 
showed t h a t  h igh  b a c t e r i a l  c o u n t s  were n o t  p r e s e n t  i n  
b a t t e r  which was c h i l l e d  and d i s c a r d e d  a t  f r e q u e n t  i n t e r ­
v a l s .  Counts ranged  from 5 .0  X 103 to  5 .0  X 105 b a c t e r i a  
p e r  gram. However, b a c t e r i a l  co u n ts  were sometimes o v e r  
1 .0  X 1 0 6 i n  p o o r ly  c a re d  f o r  b a t t e r .  C o n c lu s io n s  o f  th e  
paper  s t a t e  t h a t  b o th  th e  shrimp and th e  b a t t e r  make ex ­
c e l l e n t  growth  s u b s t r a t e s  f o r  b a c t e r i a ,  so the  p r o c e s s o r  
shou ld  make every  a t t e m p t  to  m a in t a in  good s a n i t a r y  c o n d i ­
t i o n s .  The p o i n t  was made t h a t  t h e r e  i s  a r e l a t i o n s h i p  
between the  b a c t e r i a l  co u n t  o f  th e  f i n i s h e d  p ro d u c t  and 
th e  s a n i t a r y  c o n d i t i o n s  i n  companies t h a t  a r e  in v o lv e d  i n  
th e  p r o d u c t io n  o f  b readed  shr im p .
F in d in g s  by Campbell and W il l iam s (14) i n d i c a t e  t h a t  
shrimp can be h e ld  on i c e  f o r  16 days and s t i l l  be o f  com­
m e rc ia l  v a l u e .  However, th ey  recommend t h a t  t h e  shrimp 
should  be used i n  l e s s  than  12 days o f  s t o r a g e  on i c e .
C e r t a i n  compounds, such  a s  v o l a t i l e  b a s e s ,  a r e  r e ­
l e a s e d  i n  shrimp a s  a r e s u l t  o f  s p o i l a g e  and d e c o m p o s i t io n .  
These compounds a r e  a b l e  to  b r i n g  ab o u t  chem ical  changes
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w i t h i n  th e  b r e a d in g  o f  shr imp which i n  t u r n  co u ld  i n f l u e n c e  
d i s c o l o r a t i o n  o f  the  b r e a d in g  m a t e r i a l ,  Gould and P e t e r s  
(29) s a i d  t h a t  v o l a t i l e  b a s e s  a r e  composed o f  such o r g a n ic  
compounds as  NJI3 , TMA, and DMA.
Many r e s e a r c h e r s  f e e l  t h a t  v o l a t i l e  b a s e s  do n o t  
r e l i a b l y  i n d i c a t e  e a r l y  d e t e r i o r a t i o n  o f  q u a l i t y  (29 ) ,  
F a rb e r  (20) found i n  h i s  work t h a t  t e s t s  such as  v o l a t i l e  
n i t r o g e n  compounds and pH were n o t  s i g n i f i c a n t  i n  e a r l y  
s p o i l a g e  i n  t u n a ,  C a l i f o r n i a  s a r d i n e s  and P a c i f i c  m a ck e re l ,  
M oor jan i  and o t h e r s  (55) showed t h a t  t o t a l  v o l a t i l e  bases  
rem ained  a t  th e  same l e v e l  i n  f r e s h  w a te r  f i s h  o f  o p t im a l  
q u a l i t y .  However, they  d i d  i n c r e a s e  as  th e  q u a l i t y  d e ­
c r e a s e d  and i n c r e a s e d  to  a s i g n i f i c a n t  d e g re e  when th e  f i s h  
became s p o i l e d .  Using canned f i s h ,  F a rb e r  and F e r ro  (21) 
showed t h a t  th e  t o t a l  v o l a t i l e  n i t r o g e n  d id  n o t  c o r r e l a t e  
w e l l  w i th  o r g a n o l e p t i c  judgm ents .
Heavy M eta ls
T races  o f  heavy m e ta l s  i n  foods  p la y  an im p o r ta n t  
r o l e  i n  n u t r i t i o n  and a r e  needed by th e  body f o r  p ro p e r  
f u n c t i o n .  However, th ey  a r e  many t im e s  r e s p o n s i b l e  f o r  
th e  poor keep ing  q u a l i t i e s  o f  food p r o d u c t s .  M etal  ions  
have been found t o  be r e s p o n s i b l e  f o r  such  u n d e s i r a b l e  e f ­
f e c t s  as  o x i d a t i o n ,  r a n c i d i t y ,  d i s c o l o r a t i o n ,  t a s t e ,  odor 
and low er ing  o f  n u t r i t i o n a l  components o f  f o o d s .  Monier- 
W il l iam s (54) p o i n t s  o u t  t h a t  when t r a c e  e lem en ts  and com­
p o nen ts  i n  food  r e a c t ,  d i s c o l o r a t i o n  may r e s u l t .
19
I k u t a  (36) showed t h a t  organism s l i k e  o y s t e r s ,  
l i v i n g  i n  p o l l u t e d  w a t e r ,  may absorb  m e t a l l i c  i o n s ,  such  
as  c o p p e r ,  from th e  w a te r .  As an example,  he s t a t e s  t h a t  
o y s t e r s  c o l l e c t e d  i n  f a c t o r y - p o l l u t e d  w a te r  had a h ig h e r  
copper  c o n t e n t  th a n  th o s e  i n  n o n - p o l lu t e d  w a t e r s .
Accord ing  to  F u r i a  (26) d i s c o l o r a t i o n ,  o f f  f l a v o r s ,  
and u n a c c e p ta b l e  odors  can  occur  when o r g a n ic  components 
r e a c t  w i th  m e ta l s  p r e s e n t  in  s h e l l f i s h .  These r e a c t i o n s  
can t a k e  p l a c e  u nder  p r o c e s s in g  and s t o r a g e  c o n d i t i o n s .  
Kelco Company (1961), as  c i t e d  in  The Handbook o f  Food A dd i­
t i v e s  ( 2 6 ) ,  s t a t e d  t h a t  s h e l l f i s h  u s u a l l y  c o n t a i n  h ig h  co n ­
c e n t r a t i o n s  o f  heavy m e ta l s  such as  100 ppm i r o n ,  400 ppm 
copper  and 600 ppm z in c .
I r o n  has been  found to  cause  d i s c o l o r a t i o n  i n  many 
food  p r o d u c t s .  For i n s t a n c e ,  the  d i s c o l o r a t i o n  o f  canned 
pork  in v o lv e s  i r o n  (69) and the  c o l o r  o f  sake  i s  i n c r e a s e d  
when i t  c o n t a i n s  i r o n  io n s  (62) .
A r e s e a r c h  p u b l i c a t i o n  by S ch w e ig a r t  and o t h e r s  (64) 
s a i d  t h a t  i r o n  c o u ld  ca u se  d i s c o l o r a t i o n  i n  p e a n u ts  con ­
t a i n i n g  co rn  m ea l .  However, i t  co u ld  be p r e v e n te d  by the  
a d d i t i o n  o f  l a c t i c  a c i d .
I t  was found  by L iv in g s to n  and o t h e r s  (SO) t h a t  
i r o n  and copper  caused  a d a rk e n in g  d i s c o l o r a t i o n  in  a p p l e ,  
b e e t ,  p e a r  and peach  p u r e e ,  and p e a r  and squash  p u r e e ,  and 
t h a t  t h e  c o n d i t i o n  o f  s t o r a g e  was a f a c t o r  i n  the  d eg ree  
o f  d i s c o l o r a t i o n .
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Kibbel  (41) s a i d  t h a t  c a lc iu m ,  magnesium, copper  
and i r o n  a r e  u s u a l l y  t h e  ions  r e s p o n s i b l e  f o r  d i s c o l o r a t i o n  
i n  f r u i t s  and v e g e t a b l e s .
I t  was p o in t e d  o u t  by Smith (67) t h a t  food p r o d u c t s  
such as mushrooms, b e a n s ,  m a ize ,  and peas  can become d i s ­
c o l o r e d  in  the  p r e s e n c e  of  i r o n  and c o p p e r .
W il l iam s (79) says  t h a t  copper  and i r o n  a r e  o x i d i z ­
ing  c a t a l y s t s  and t h a t  on ly  1 p a r t  o f  c o p p e r ,  o r  10 p a r t s  
o f  i r o n ,  p e r  100 m i l l i o n  of  o i l  can cause  u n d e s i r a b l e  
c h a r a c t e r i s t i c s .
M onier-W il l iam s (54) s t a t e d  t h a t  t h e  form o f  the  
i r o n  io n  can have an e f f e c t  upon the  food p r o d u c t .  He s a i d  
t h a t  0 ,7  ppm o f  f e r r o u s  i r o n  co u ld  cause  o f f  f l a v o r  i n  m ilk  
i n  h a l f  an ho u r ,  b u t  t h a t  i t  would t a k e  60 ppm o f  f e r r i c  
i r o n  to  p roduce  th e  same e f f e c t  a f t e r  24 h o u r s .  In  t h i s  
c a s e ,  i t  i s  e v i d e n t  t h a t  th e  f e r r o u s  form i s  more r e a c t i v e  
th a n  the  f e r r i c  i r o n .  He s a i d  t h a t  d i s c o l o r a t i o n  i n  foods 
i s  caused  by i r o n  in  two ways: (1) by p r e c i p i t a t i o n  as
s u l f i d e  o r  (2) by co m b in a t io n  w i th  t a n n i c  a c i d .
A p ap e r  d e a l i n g  w i t h  " g r e e n in g "  o f  b readed  shrimp 
by Thompson and F a r r a g u t  (72) e x p la in e d  t h a t  th e  f e r r o u s  
io n  was c o n t a in e d  i n  b o th  g re en  and i n  n o n -g re e n  b readed  
sh r im p .  However, the  b re a d in g  d id  n o t  c o n t a i n  as much 
f e r r o u s  io n  b e f o r e  b e ing  a p p l i e d  to  th e  sh r im p .
Waters (78) found t h a t  b o th  f e r r i c  and f e r r o u s  i r o n  
would cause  abou t  th e  same d eg re e  o f  " b lu e "  d i s c o l o r a t i o n  
i n  c rab  meat.
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T imberlake  (73) found t h a t  t h e r e  was no d i f f e r e n c e  
in  the  r e a c t i o n  r a t e  between f e r r o u s  and f e r r i c  i r o n  in  
d e t e r i o r a t i o n  o f  b l a c k  c u r r a n t  j u i c e .
M onie r-W il l iam s (54) a l s o  d i s c u s s e s  th e  p re s e n c e  o f  
copper  i n  fo o d s .  He says t h a t  copper i s  n a t u r a l l y  found in  
h igh  q u a n t i t i e s  i n  foods  such  as  c r u s t a c e a n s  and s h e l l f i s h .  
The copper  c o n t e n t  i n  o y s t e r s  can  be as  h ig h  a s  s e v e r a l  
hundred  p a r t s  p e r  m i l l i o n s  due to  i n d u s t r y  w a s te .
K i tson  and S t r a c h a n  (42) s t u d i e d  th e  e f f e c t s  of 
heavy m e ta l s  on ca n d ied  c h e r r i e s .  T h e i r  f i n d i n g s  showed 
t h a t  copper  i n  amounts o f  10 ppm o r  l a r g e r  can cau se  d i s ­
c o l o r a t i o n .
Board and Haque (11) found  t h a t  0 .5  ppm copper  was 
enough to  p roduce  d i s c o l o r a t i o n  i n  canned ox to n g u e s ,  and 
t h a t  5 ppm gave a v e ry  d a rk  b l a c k  d i s c o l o r a t i o n .  They 
showed t h a t  sodium s a l t  o f  EDTA, sodium hexam etaphospha te ,  
g lu c o n ic  a c id  o r  h i s t i d i n e  d i d  n o t  p r e v e n t  d i s c o l o r a t i o n .  
However, by so ak ing  the  tongues  in  0.5% c i t r i c  a c i d  s o l u ­
t i o n  b e f o r e  p r o c e s s i n g ,  th e  d i s c o l o r a t i o n  was p r e v e n te d  
s l i g h t l y .  They s t a t e  t h a t  c o p p e r ,  even i n  s m a l l  amounts 
i n  fo o d s ,  can  be h a rm fu l ,  s i n c e  i t  can c a t a l y z e  o x i d a t i v e  
d e t e r i o r a t i o n .
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I I I .  P r e v e n t io n  o f  D i s c o l o r a t i o n
C h e la t in g  a g e n t s  a r e  p ro b ab ly  the  most common and 
u s e f u l  s u b s t a n c e s  used  in  removing u n d e s i r a b l e  m e t a l l i c  
ions  from food .  C h e la t in g  o r  s e q u e s t e r i n g  a g e n ts  u s u a l l y  
" r e a c t  w i th  m e ta l s  to  form complexes which ,  depending on 
th e  s t a b i l i t y  o f  the  m e ta l  complex, tend  to  a l t e r  th e  
p r o p e r t i e s  and e f f e c t s  o f  m e ta l  i n  a s u b s t r a t e "  ( 2 6 ) .  The 
phenomenon o f  c h e l a t i o n  i s  o f  a complex n a t u r e ,  b u t  a c c o r d ­
ing  to  F u r i a  (26) t h e  fo l lo w in g  s im ple  fo rm u la  may be used  
to  i l l u s t r a t e  th e  mechanism in v o lv e d :
M + L = ML
Where: M = m e ta l  io n
L = l i g a n d  ( s e q u e s t r a n t ,  c h e l a t i n g  ag e n t )
ML = m e ta l  complex
O rgan ic  compounds such as  c i t r i c  a c i d  o r  i n o r g a n i c  
compounds such  a s  p o ly p h o sp h a te  may be used  as  th e  l i g a n d .  
F u r i a  (26) s t a t e s  t h a t  two c o n d i t i o n s  must be met i n  o r d e r  
f o r  c h e l a t i o n  to  o cc u r :  (1) th e  l ig a n d  c o n f i g u r a t i o n ,  b o th
s t e r i c  and e l e c t r o n i c ,  a s  r e l a t e d  to  th e  m e ta l  to  be c h e ­
l a t e d ,  must be c o m p a t ib le  and (2) t h e  env i ronm ent  o f  c h e l a ­
t i o n  must be f a v o r a b l e  f o r  t h e  r e a c t i o n  to  o c c u r .
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A scorb ic  Acid and C i t r i c  Acid
The use  o f  c i t r i c  a c id  and a s c o r b i c  ac id  t o g e th e r  
o f t e n  b r in g  abou t  a s y n e r g i s t i c  e f f e c t .  As an example, 
the  a d d i t i o n  of c i t r i c  a c i d  has been found to be very  
v a l u a b le  i n  f ro z e n  f r u i t  because  o f  i t s  a b i l i t y  to  i n a c t i ­
v a t e  t r a c e  m e ta l s  which cou ld  d e s t r o y  the  a s c o r b i c  a c id  
which i n  t u r n  he lp s  t o  p r e v e n t  c o l o r  and f l a v o r  changes 
(27 ) .  " R u s t in g 1' i n  o i l y  f i s h  and shrimp i s  p r o h i b i t e d  by 
use  o f  a c i t r i c  a c i d - a s c o r b i c  a c id  m ix tu re  (27) .
Gardner (27) p o i n t s  o u t  th e  f a c t  t h a t  because  c i t r i c  
a c id  a f f o r d s  an a c i d i c  environm ent ,  l e s s  a s c o r b i c  a c i d  can 
be used because  o f  the  in c r e a s e d  s t a b i l i t y .
According to  Gardner (28) a b u i ld u p  in  hydrogen s u l ­
f i d e  may occur  i n  s h e l l f i s h  d u r in g  s t o r a g e  which can lead  
to  darken ing  o f  th e  p r o d u c t .  By d ip p in g  the  s h e l l f i s h  i n to  
an a c id  s o l u t i o n ,  th e  problem may be a l l e v i a t e d .  He a l s o  
says t h a t  a c i d u l a n t s  i n  seafoods  h e lp  to  p r e s e r v e  the  
q u a l i t y  by lowering  th e  pH which can p r e v e n t  th e  growth o f  
b a c t e r i a .  A c id u la n t s  a l s o  a c t  as  s y n e r g i s t i c  and c h e l a t i n g  
a g e n t s ,
Landgraf  (47) s t a t e d  t h a t  c i t r i c  a c id  b r i n e  used in  
canned w et-pack  shrimp w i l l  he lp  to s to p  g ray in g  and w i l l  
g iv e  a b e t t e r  o v e r - a l l  p ro d u c t  by red u c in g  pH.
B a i ly  and F ieg e r  (5) found t h a t  Black Spot (melanao- 
g e n e s i s )  cou ld  be i n h i b i t e d  f o r  a l i m i t e d  amount o f  t ime 
by u se  of an a s c o r b ic  a c i d - c i t r i c  a c id  s o l u t i o n .
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F ie g e r  e t  a l .  (23) s a i d  t h a t  a m ix tu re  o f  CTC and 
i s o - a s c o r b i c  a c i d  co u ld  be e f f e c t i v e  in  p r e v e n t in g  m e la ­
n o s i s  i f  th e  shr imp were p ro c e s s e d  soon a f t e r  c a t c h i n g .
I t  was a l s o  e f f e c t i v e  i n  keeping  b a c t e r i a l  p o p u l a t i o n  down.
A sco rb ic  a c i d  h e l p s  t o  p r e v e n t  d i s c o l o r a t i o n  and u n ­
wanted r e a c t i o n s  i n  food  s u b s t a n c e s .  I t  has th e  p r o p e r t y  
o f  a c t i n g  both  as  an a n t i o x i d a n t  and as  an a c i d u l a n t  (28) 
which h e lp s  to  m a in t a in  th e  good p r o p e r t i e s  o f  the  p r o d u c t .  
For i n s t a n c e ,  a s c o r b i c  a c id  has been  found to  be h e l p f u l  in  
p r e v e n t i n g  the  d i s c o l o r a t i o n  caused  by enzymatic  browning 
(2 7 ) .  A ccord ing  to  S c h u l t z  (6 3 ) ,  the  a s c o r b i c  a c i d  w i l l  
r ed u c e  the  p r o d u c t s  o x id i z e d  by th e  enzyme in v o lv e d ,  i n  
t h i s  c a s e  p o ly p h e n o l  o x id a s e ,  and t h i s  w i l l  e v e n t u a l l y  l e a d  
to  i n a c t i v a t i o n  o f  th e  enzyme.
T im berlake  (73) s t u d i e d  th e  o x i d a t i o n  o f  a s c o r b i c  
a c i d  i n  b l a c k  c u r r a n t  j u i c e  i n  th e  p r e s e n c e  o f  co p p e r  and 
i r o n .  The r e a c t i o n  r a t e  w i th  copper  was a p p ro x im a te ly  p r o ­
p o r t i o n a l  to  th e  s q u a re  r o o t  o f  th e  copper  c o n c e n t r a t i o n ,  
w h i le  th e  r e a c t i o n  w i th  i r o n  a lo n e  was v e ry  s m a l l .  How­
e v e r ,  when t r a c e s  o f  i r o n  a r e  i n  th e  p r e s e n c e  o f  0 .85  ppm 
o f  copper  the  o x i d a t i o n  o f  a s c o r b i c  a c i d  in c r e a s e d  g r e a t l y .  
He a l s o  t e s t e d  t h e  e f f e c t s  o f  m e ta l  c h e l a t i n g  a g e n t s  f o r  
i n h i b i t i n g  a s c o r b i c  a c i d  o x i d a t i o n  by co p p e r .  E th y le n e -  
d i a m in e - N N N 'N ' - t e t r a a c e t i c  a c i d  (EDTA), d i e t h y l e n e t r i a m i n e -  
N N N 'N '-p e n ta a c e t ic  a c i d  (DTPA), 1 , 2 -d iam in o cy c lo h ex an e-  
NN'N’ - t e t r a a c e t i c  a c i d  (CDTA), 1 ,3 -d ia m in o p ro p a n -Z -o l -
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N N N 'N ' - t e t r a a c e t i c  a c i d  (DPTA) an(j 2 , 9 -d im e th y l -o -p h e n a n -  
t h r o l i n e  (n eocupro ine )  were the  most e f f e c t i v e  c h e l a t i n g  
a g e n t s  u se d .
Hawkins and o t h e r s  (32) found t h a t  a s c o r b i c  a c i d ,  
i n  r e l a t i v e l y  l a r g e  amounts,  was e f f e c t i v e  i n  p r e v e n t in g  a 
d a rk en in g  d i s c o l o r a t i o n  i n  f r e n c h - f r y i n g  p o t a t o e s  when 
they  were cooked by b o i l i n g  or  p u t  though th e  o i l - b l a n c h e d  
f r e n c h - f r i e d  p r o c e s s .
G re ig  and Fliehman (7) showed t h a t  th e  s h e l f  l i f e  
o f  f r e s h - w a t e r ,  l a k e  h e r r i n g  f i l l e t s  i n c r e a s e d  from about  
3 months to  7 months w i th  a 2% a s c o r b i c  a c i d  t r e a t m e n t .
T sych iya  and coworkers  (7) showed t h a t  a y e l lo w  d i s ­
c o l o r a t i o n  p r e s e n t  i n  f r o z e n  s c a l l o p s  c o u ld  be p r e v e n te d  
by u se  o f  an a s c o r b i c  a c i d  m ix t u r e .
B a u e rn fe in d  and P i n k e r t  (7) r e p o r t  t h a t  f o r  some 
ty p e s  o f  s e a fo o d  d i s c o l o r a t i o n s ,  i t  i s  b e t t e r  to  u s e  a 
co m b in a t io n  d ip  o f  a s c o r b i c  a c id  and a copper  c h e l a t o r .  
Kakimoto and Kanazawa (7) showed t h a t  a s c o r b i c  a c id  was 
b e n e f i c i a l  i n  d e l a y in g  th e  b l a c k  d i s c o l o r a t i o n  o f  l o b s t e r s .  
Waters (78) showed t h a t  EDTA co u ld  n o t  p r e v e n t  i r o n  d i s ­
c o l o r a t i o n  i n  c rab  m ea t .
Smith (67) says  t h a t  EDTA and th e  p o ly p h o s p h a te s  
make good s e q u e s t e r i n g  a g e n t s  i n  th e  removal o f  ca lc ium  
from c h e ese  i n  o rd e r  to  make th e  p ro d u c t  s o f t e r .  He a l s o  
s a i d  t h a t  c i t r i c  a c id  has been v e ry  v a l u a b l e  as  a c h e l a t ­
ing  a g e n t  in  f r o z e n  f r u i t s  because  of  i t s  a b i l i t y  t o  reduce
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th e  a c t i o n  o f  i r o n  and c o p p e r .
The b ev e rag e  i n d u s t r y  u se s  a g r e a t  d e a l  o f  c i t r i c  
a c i d ,  a long  w i th  o t h e r  o r g a n ic  a c i d s  as  s e q u e s t e r i n g  
a g e n ts  to  remove m e t a l l i c  io n s  (67) .
Po lyphospha tes
According to  The Handbook o f  Food A d d i t iv e s  ( 1 9 ) ,  
the  p o ly p h o sp h a te s  form s o l u b l e  complexes w i th  n e a r l y  a l l  
o f  th e  m e t a l l i c  i o n s .  This  i n c l u d e s  th o s e  r an g in g  from 
two to  many p h o sp h a te  u n i t s  p e r  m o le c u le s .  Van Wazer (76) 
s a i d  t h a t  the  phosphorus  atom o f  a l l  p h o sp h a te s  i s  s u r ­
rounded by f o u r  oxygen a tom s.  This  g iv e s  a t e t r a h e d r a l  
ty p e  s t r u c t u r e .  Many p r o p e r t i e s  o f  th e  p o ly p h o sp h a te s  a r e  
e x p l a in e d  by th e  p r e s e n c e  o f  t h i s  t e t r a h e d r a l ,  such a s  the  
a b i l i t y  they  have to  s e q u e s t e r  m e t a l l i c  io n s  (19) i n  food 
sy s tem s ,  e s p e c i a l l y  th e  long c h a in  p h o s p h a te s .  When th e  
m e ta l  io n s  have been s e q u e s t e r e d ,  th ey  a r e  n o t  a b l e  to  
c a r r y  ou t  t h e i r  u s u a l  f u n c t i o n  (7 6 ) .  Mahon and o t h e r s  (52) 
p o i n t  o u t  the  f a c t  t h a t  t r i p o l y p h o s p h a t e  h e lp s  to  c o n t r o l  
thawing d r i p  in  sh r im p .  They p o i n t  o u t  t h a t  much of  the  
o r g a n o l e p t i c  q u a l i t i e s  o f  shr imp a r e  p r e v e n te d  by u se  o f  a 
t r i p o l y p h o s p h a t e  d i p ,  i n  t h i s  c a s e  e s p e c i a l l y  t e n d e r n e s s  
and j u i c i n e s s .  They a l s o  p o i n t  o u t  t h a t  t h e r e  i s  a r e d u c ­
t i o n  i n  o x i d a t i v e  changes which could  a l s o  improve the  
q u a l i t y  o f  the  p r o d u c t .
The s t r u c t u r e  o f  t r i p o l y p h o s p h a t e  i s  shown below:
27
0 0 0
- I I II .O-P-O-P-O-P-O
.1 J  .1
0 0 0
Kibbel  (41) s a i d  t h a t  th e  p o ly p h o sp h a te s  a r e  
v a l u a b l e  i n  e l i m i n a t i n g  m e ta l  io n s  from th e  environm ent  by 
a c t i n g  as s e q u e s t e r i n g  a g e n ts  and t h e r e f o r e  a l l e v i a t i n g  
t h e i r  chem ica l  r e a c t i o n s .
M atsuhash i  (53) d em o n s t ra te d  th e  a b i l i t y  o f  p o l y ­
p h o sp h a te s  to  c h e l a t e  i r o n  io n s  i n  an  aga r  s o l u t i o n .
EXPERIMENTAL PROCEDURES
The p u rp o ses  o f  t h e s e  expe r im en ts  were to  s tu d y  and 
e v a l u a t e  th e  c a u se s  and to  d eve lop  methods f o r  p r e v e n t in g  
u n d e s i r a b l e  and d e t r i m e n t a l  d i s c o l o r a t i o n  r e a c t i o n s  i n  
b readed  s h r  imp.
The pH changes  o f  th e  shrimp were d e te rm in e d  o v e r  a 
d e f i n i t e  s t o r a g e  p e r i o d ,  under  c o n d i t i o n s  o f  c o n s t a n t  tem­
p e r a t u r e ,  and t e m p e ra tu r e  f l u c t u a t i o n s .  During t h e s e  ex­
p e r im e n t s ,  th e  d eg ree  o f  d ec o m p o s i t io n  was a l s o  e v a l u a t e d .  
The pH was measured a t  b o th  the  a n t e r i o r  and p o s t e r i o r  
r e g io n s  o f  th e  shrimp t a i l .
Sodium t r i p o l y p h o s p h a t e ,  and an a s c o r b i c  a c i d - c i t r i c  
a c i d  m ix tu re  were t e s t e d  as  p o s s i b l e  p r e v e n t i v e  a g e n ts  f o r  
i n h i b i t i n g  d i s c o l o r a t i o n .  I ro n  i o n s ,  c o n s t a n t  t e m p e ra tu r e  
v e r s u s  t e m p e r a tu r e  f l u c t u a t i o n s ,  s t a g e  o f  d e c o m p o s i t io n ,  
and s t o r a g e  t im e were f a c t o r s  t e s t e d  in  t h e s e  e x p e r im e n ts .
O ther  exp e r im en ts  were conduc ted  to  m easure  v o l a t i l e  
b a se s  changes i n  p e e le d  dev e in ed  shrimp s t o r e d  under  
f r o z e n  c o n d i t i o n s ,  f r e e z e - t h a w  c o n d i t i o n s ,  and i n  c ru shed  
i c e .
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I .  M a t e r i a l s
A l l  m a t e r i a l s  and equipment used  i n  th e  e x p e r im e n ta l  
p ro c e d u re s  a r e  g e n e r a l l y  a c c e p te d  f o r  th e  d e s ig n a t e d  p u r ­
pose o r  have been d e s ig n a t e d  i n  such  a way as  t o  g iv e  the  
same c o n d i t i o n s  n e c e s s a r y  f o r  t r u e  e x p e r im e n ta l  r e s u l t s .
A l l  m a t e r i a l s  u s e d ,  w i th  th e  in te n d e d  u se  and methods o f  
p r e p a r a t i o n ,  a r e  g iv e n  below.
Copper S o l u t i o n
The copper  s o l u t i o n  was made by d i s s o l v i n g  1 g of 
p u re  copper  powder i n  a sm a l l  amount o f  HN03 . A f t e r  adding 
5 ml o f  HC1, t h e  s o l u t i o n  was e v a p o ra te d  a lm o s t  to  d ry n ess  
and d i l u t e d  to  1 l i t e r  w i th  0.1N HC1. The s o l u t i o n  was 
s t o r e d  i n  a g l a s s  f l a s k  and a l l  d i l u t i o n s  r e q u i r i n g  a 
copper  io n  s o l u t i o n  were made from t h i s  s t o c k  (4 ) ,
I r o n  S o l u t i o n
The i r o n  s o l u t i o n  was made by d i s s o l v i n g  1 g o f  pu re  
i r o n  powder i n  30 ml o f  6N HC1 and b o i l i n g .  The s o l u t i o n  
was d i l u t e d  to  1 l i t e r .  The s o l u t i o n  was s t o r e d  i n  a 
g l a s s  f l a s k  and a l l  d i l u t i o n s  r e q u i r i n g  an i r o n  io n  s o l u ­
t i o n  were made from t h i s  s t o c k  (4 ) .
Sodium T r ip o ly p h o s p h a te  S o l u t i o n
The sodium t r i p o l y p h o s p h a t e  s o l u t i o n  was p r e p a r e d  
by d i s s o l v i n g  4 g o f  sodium t r i p o l y p h o s p h a t e  powder in  
100 ml o f  d i s t i l l e d  w a te r  a t  room te m p e r a tu r e .  In  o rd e r
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t o  i n s u r e  tho ro u g h  d i s s o l v i n g ,  i t  was n e c e s s a r y  to  mix th e  
s o l u t i o n  on an a u to m a t i c  s t i r r e r .
A sco rb ic  A c i d - C i t r i c  Acid S o lu t io n
An a s c o r b i c  a c i d - c i t r i c  a c id  m ix tu re  was i n c o r p o r ­
a t e d  i n t o  th e  b a t t e r  mix by d i s s o l v i n g  0 ,20 g a s c o r b i c  a c i d  
powder and 1 g o f  s o l i d  c i t r i c  a c id  i n  ap p ro x im a te ly  1 ml 
o f  w a te r .  This  s o l u t i o n  was th e n  i n c o r p o r a t e d  i n t o  a 
100 ml l i q u i d  b a t t e r .
Shrimp
Shrimp used  i n  th e  exp e r im en ts  e v a l u a t i n g  f a c t o r s  
ca u s in g  and i n f l u e n c i n g  d i s c o l o r a t i o n ,  and i n  the  e x p e r i ­
ment which e v a l u a t e d  the  r o l e  o f  pH, were r e c e i v e d  from a 
commercial p r o c e s s o r  i n  th e  f r e s h  f r o z e n  s t a t e  soon a f t e r  
c a p t u r e .  The shr imp were thawed i n  i c e  and rem ained  on 
c rushed  i c e  th r o u g h o u t  t h e  p r e - b r e a d i n g  e x p e r im e n ta l  p r o ­
ce d u re s  .
Shrimp used  i n  t e s t s  d e a l i n g  w i th  v o l a t i l e  b a se s  
and m i c r o b i o l o g i c a l  ex a m in a t io n s  were r e c e i v e d  from a 
l o c a l  d e a l e r  w i t h o u t  ev e r  hav ing  been f r o z e n .  They had 
been caugh t  t h e  day b e f o r e  l a b o r a t o r y  p r o c e s s i n g .  The 
shrimp were deheaded ,  p e e l e d ,  and d ev e in e d  and th e n  were 
q u ic k l y  p la c e d  u n d e r  th e  d e s i r e d  c o n d i t i o n s  s h o r t l y  a f t e r  
t h i s  p r e p a r a t i o n .
I t  sh o u ld  be p o i n t e d  o u t  t h a t  a l l  p e e le d  d ev e in ed  
shrimp r e t a i n e d  t h e  s h e l l  on t h e  p o s t e r i o r  end o f  th e
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shr imp t a i l .  This  i s  a  p r a c t i c e  commonly used  by commer­
c i a l  shrimp b r e a d e r s .
Breaded shrimp u sed  in  p r e l i m i n a r y  s t u d i e s  were d i s ­
c o l o r e d  and c o n t r o l  samples  r e c e i v e d  from a commercial 
p r o c e s s o r .  These samples  were m a in ta in e d  under  f ro z e n  con ­
d i t i o n  (-20°C) u n t i l  needed .  When th e  c o n n o t a t i o n  ±0°C is  
used  i n  t h i s  d i s s e r t a t i o n ,  t h i s  means t h a t  t h e  sample was 
s t o r e d  u nder  f r e e z e - t h a w  c o n d i t i o n s .
T a s h i r o ' s  Reagent
T a s h i r o ' s  r e a g e n t  was p re p a re d  by adding  200 ml of 
a 0.1% a l c o h o l i c  s o l u t i o n  o f  m ethyl  r ed  t o  SO ml o f  a 0.1% 
m e thy lene  b lu e  a l c o h o l i c  s o l u t i o n .  This  s t o c k  s o l u t i o n  
was s t o r e d  i n  a brown r e a g e n t  b o t t l e .  In  o r d e r  to  u se  i t  
as an i n d i c a t o r ,  1 p a r t  o f  th e  s t o c k  s o l u t i o n  was added to  
1 p a r t  o f  a l c o h o l  and 2 p a r t s  o f  d i s t i l l e d  w a te r  (1 5 ) .
B a t t e r  S o l u t i o n
The b a t t e r  s o l u t i o n  was p r e p a r e d  by mixing 1 p a r t  
o f  b a t t e r  powder mix w i th  1 p a r t  o f  d i s t i l l e d  w a t e r .  The 
s o l u t i o n  was mixed w e l l  to  i n s u r e  even d i s p e r s i o n .  The 
b a t t e r  was c h i l l e d  th ro u g h o u t  the  d ip p in g  p r o c e d u r e s  by 
th e  a d d i t i o n  o f  i c e .
Ba(0H)2 S o l u t i o n
I t  was n e c e s s a r y  to  make up th e  Ba(OH)2  s o l u t i o n  
j u s t  p r i o r  to  t i t r a t i o n  to  i n s u r e  p ro p e r  n o r m a l i t y  because  
o f  th e  tendency  o f  Ba(0H)2 to  r e a c t  w i th  C02 which in  tu r n
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forms an i n s o l u b l e  p r e c i p i t a t e .  The powdered Ba(OH)2 
should  be as f r e s h  as  p o s s i b l e  f o r  the  same r e a s o n .
Phosphate  B uffe r
B u t t e r f i e l d ' s  b u f f e r e d  s t o c k  s o l u t i o n  was p r e p a r e d  
by d i s s o l v i n g  34 g o f  KH2POi, i n  500 ml o f  H20 and a d j u s t ­
ing  th e  pH to  7 .2  w i th  a p p ro x im a te ly  175 ml o f  IN NaOH. 
A f t e r  d i l u t i n g  to  1 l i t e r  w i th  H20 ,  th e  s o l u t i o n  was s t o r e d  
a t  40°F. To u s e  the  b u f f e r  i n  w a te r  b l a n k s ,  1 .25  ml o f  th e  
s to c k  s o l u t i o n  was d i l u t e d  i n  1 l i t e r  o f  d i s t i l l e d  w a te r  
(1 3 ) .
Glassware
A l l  g l a s s  c o n t a i n e r s  and p i p e t t e s  used  i n  m i c r o b i a l  
work were s t e r i l i z e d  by a u t o c l a v i n g  a t  121°C f o r  30 m inu tes  
and d r i e d .  P i p e t t e s  u sed  i n  a l l  work were s e l e c t e d  to  d e ­
l i v e r  o n ly  the  d e s i g n a t e d  volume o f  th e  h i g h e s t  c a l i b r a t i o n  
on the  p i p e t .  I t  was e s s e n t i a l  t h a t  a l l  g la s s w a re  be c l e a n  
f o r  a l l  e x p e r im e n ts .
Eugon Agar
Eugon Agar (Difco)  i s  recommended f o r  c u l t u r i n g  a 
l a r g e  v a r i e t y  o f  m ic roorgan ism s  (1 6 ) .  I t  was p r e p a r e d  a c ­
c o rd in g  to  m a n u f a c t u r e r ' s  i n s t r u c t i o n s .  The ag a r  was 
s t e r i l i z e d  a t  121°C f o r  15 m in u te s .  I t  was u sed  in  pour  
p l a t e  p r o c e d u re s .
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I I .  Methods
Measurements o f  M e t a l l i c  
C o n ten t  o f  Breaded Shrimp
D is c o lo re d  b readed  shrimp samples were c a t e g o r i z e d  
a c c o rd in g  to  th e  ap p ea ran c e  o f  the  sample .  Of th e  d i f f e r ­
e n t  t y p e s ,  i r o n  and copper  a n a ly s e s  were r u n  on fo u r  ty p e s :  
(1) b readed  shrimp w i th  a y e l l o w i s h  d i s c o l o r a t i o n  a t  the  
p o s t e r i o r  end o f  th e  t a i l ,  (2) b read e d  shrimp w i th  a d i s ­
t i n c t  g re e n  c o l o r  a t  th e  p o s t e r i o r  end o f  th e  t a i l  and
o t h e r  p a r t s  o f  th e  b r e a d i n g ,  (3) b readed  shr imp w i th  g r a y ­
ing  th ro u g h o u t  t h e  b r e a d i n g ,  and (4) b readed  shrimp t h a t  
had a d a r k - g r e e n i s h  ye l low  d i s c o l o r a t i o n  th ro u g h o u t  the  
e n t i r e  shr im p.
V ar ious  p a r t s  o f  t h e s e  b read ed  shrimp samples  were 
examined f o r  copper  and i r o n  i n  a p r e l i m i n a r y  s tu d y  to  d e ­
te rm in e  th e  h i g h e s t  a r e a s  o f  m e t a l l i c  c o n t a m i n a t io n .  The 
whole shrimp deb readed  shr imp and b r e a d in g  m a t e r i a l  was 
a n a ly z e d .  A c o n t r o l  sam ple ,  o f  n o n - d i s c o l o r e d  sh r im p ,  was 
a l s o  e v a lu a t e d .  A J a r r e l l - A s h  Atomic A b s o rp t io n  was used  
t o  make a l l  m e t a l l i c  io n  a n a l y s e s .
The samples  were p r e p a r e d  by u s in g  a  d ry  a s h in g  
method. This  was done by weighing  o u t  a p p ro x im a te ly  25 g
o f  th e  sample i n t o  a p la t in u m  a s h in g  d i s h  and a s h in g  f o r
ab o u t  24 hours  a t  SOO^C. The ashes  were c a r e f u l l y  washed 
i n t o  b e a k e rs  w i th  d e i o n iz e d  w a te r ,  b e in g  c a r e f u l  t h a t  a l l  
p a r t i c l e s  were c o l l e c t e d .  To t h i s ,  50 ml o f  a p e r c h l o r i c -
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n i t r i c  a c i d  s o l u t i o n  (3 :1 )  was added .  The b e a k e r s  were 
covered  w i th  a watch g l a s s  and d i g e s t e d  on a h o t  p l a t e  
u n t i l  th e  s o l u t i o n  became c l e a r .  The s o l u t i o n  was poured 
i n t o  a SO ml v o lu m e t r i c  f l a s k .  The beaker  was washed w e l l  
w i th  d e i o n i z e d  w a te r  to  c o l l e c t  a l l  t r a c e s  o f  th e  s o l u t i o n .  
The wash ings  were a l s o  poured  i n t o  the  50 ml v o lu m e t r i c  
f l a s k  c o n t a i n i n g  th e  s o l u t i o n ,  a f t e r  which the  f l a s k  was 
f i l l e d  to  th e  50 ml mark w i th  d e i o n i z e d  w a t e r .  The s o l u ­
t i o n s  were s t o r e d  i n  b o t t l e s  u n t i l  r e a d i n g s  were made on 
t h e  a tom ic  a b s o r p t i o n .  S tan d a rd  s o l u t i o n s  o f  b o th  copper  
and i r o n  were p r e p a r e d  by making th e  p ro p e r  d i l u t i o n s  from 
a s t o c k  s o l u t i o n  c o n t a in i n g  1000 ppm o f  th e  r e s p e c t i v e  io n .  
C a l c u l a t i o n s  were  made d i r e c t l y  from th e  r e c o r d e r  s c a l e .
Breading  P ro c ed u re s
V i s i t s  were made to  the  W. R. Grace s e a fo o d  p r o c e s s ­
ing  p l a n t  (Sea-Pak) i n  o r d e r  to  o b s e rv e  methods o f  h an d l in g  
and b r e a d in g  th e  sh r im p .  P ro c e d u re s  u t i l i z e d  by them to  
b rea d  shrimp were u se d  i n  a s i m i l a r  manner th r o u g h o u t  t h e s e  
e x p e r im en ts  i n  our l a b o r a t o r i e s  i n  Baton Rouge, L o u i s i a n a .  
Advice and c o u n s e l  o f  Sea-Pak  p e r s o n n e l  were used  i n  formu­
l a t i o n  o f  t e c h n iq u e s  o f  shrimp p r e p a r a t i o n .
Shrimp weTe d ip p e d  so as t o  c o m p le te ly  submerge and 
cover  t h e  e n t i r e  shrimp w i th  b a t t e r .  The shr imp were r e ­
moved and ex c ess  b a t t e r  was a l lo w ed  to  d r i p  o f f .  Immedi­
a t e l y ,  the  shr imp were cove red  w i th  d ry  b r e a d e r  mix to  
a s s u r e  com ple te  c o v e r i n g .  The shrimp were th e n  f r o z e n  a t  
- 20°C.
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During p e r io d s  o f  s t o r a g e ,  th e  shrimp used in  the 
pH s tu d y  were packaged i n  boxes e x a c t l y  l i k e  th o s e  used 
com m erc ia l ly ;  however, th e  b readed  shrimp used  i n  e v a l u a t ­
ing th e  f a c t o r s  r e s p o n s i b l e  f o r  c r e a t i o n  and p r e v e n t io n  of  
d i s c o l o r a t i o n  were packaged in  W hirl-Paks  d u r in g  s to r a g e  
p e r io d s  f o r  case  o f  s e p a r a t i o n .
Measurements o f  pH in  
D i s c o l o r a t i o n  Breadecf Shrimp
The p u rp o se  o f  t h e s e  pH ex p e r im en ts  was to  examine 
th e  r o l e  t h a t  pH p la y s  i n  d i s c o l o r a t i o n .  A gain ,  in  t h i s  
p r e l i m i n a r y  s tu d y ,  pH d e t e r m i n a t i o n s  were made on c a t e g o r ­
i z e d  d i s c o l o r a t i o n s  i n  b read ed  shrimp samples r e c e iv e d  
from a commercial  p r o c e s s o r .  They were as  f o l lo w s :
(1) b readed  shr imp which had a ye l low  c o l o r a t i o n  a t  th e  
p o s t e r i o r  end o f  th e  t a i l ,  b u t  w i th  a n o n - d i s c o l o r e d  a n ­
t e r i o r  end; (2) samples which had a g ray  d i s c o l o r a t i o n  
th ro u g h o u t  the  b re ad in g  m a t e r i a l ;  (3) b read in g  m a t e r i a l  
t h a t  had become g r e e n ;  and (4) newly p r e p a re d  b read in g  
m a t e r i a l  which had no d i s c o l o r a t i o n .
The A.O.A.C. e l e c t r o m e t r i c  method f o r  d e te rm in in g  
pH was used  to  c a l c u l a t e  th e  pH o f  shr imp b re a d in g  samples 
(4 ) .  This  was done by w eigh ing  10 .0  g o f  b re a d in g  m a t e r i a l  
i n t o  a c l e a n ,  d ry  Erlenmeyer f l a s k  and adding  100 ml o f  
r e c e n t l y  b o i l e d  H20 .  The w ate r  was a l low ed  to  c o o l  to  25°C 
b e f o r e  being  u se d .  I t  shou ld  be n o ted  t h a t  pH measurements 
were made only  from b read in g  m a t e r i a l .  The f l a s k s  were
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shaken f o r  a d i g e s t i o n  p e r i o d  o f  30 m inu tes  by u s in g  a 
Lab-Line J u n i o r  O rb i t  S h ak e r ,  r o t a t i n g  between 150-200 rpm. 
A f t e r  the sh ak ing  c y c le  was co m p le te ,  the  samples were 
a l low ed  to s e t t l e  f o r  10 m in u te s ,  a f t e r  which the  s u p e r ­
n a t a n t  was d e c a n te d  i n t o  a 50 ml b e a k e r .  The pH o f  th e  
s o l u t i o n  was de te rm ined  im m edia te ly  by u s in g  a Leeds 6 
N orthrup  pH m e te r .  The pH meter was s t a n d a r d i z e d  w i th  
b u f f e r  s o l u t i o n s  a t  pH 7 and pH 8. Measurements were a c ­
c u r a t e  t o  the  n e a r e s t  t e n t h  pH u n i t .
In o r d e r  t o  e v a l u a t e  the  i n f l u e n c e  o f  pH on d i s ­
c o l o r a t i o n  in  b readed  sh r im p ,  th e  e x p e r im e n ta l  d e s ig n  
shown in  Diagram 1 was u s e d .  The shr imp were removed from 
th e  i c e  a t  0 days  ( f r e s h ) ,  8 d ay s ,  and a t  16 d ay s .  They 
were then  b r e a d e d .  Samples were k e p t  a t  -20°C and under  
f r e e z i n g  and thawing c o n d i t i o n s  i n  o r d e r  to  d e te rm in e  the  
e f f e c t s  o f  t e m p e r a tu r e .  F re e z e - th a w  c y c l e s  o c c u r r e d  a t  
4 -week i n t e r v a l s .  Measurements o f  pH were made a t  0 weeks,  
8 weeks and a t  16 weeks o f  s t o r a g e .  The a n t e r i o r  and p o s ­
t e r i o r  p o r t i o n s  o f  the sh r im p  t a i l  were e v a l u a t e d .  A l l  
samples were ru n  in  r e p l i c a s  o f  3. A s t a t i s i c a l  a n a l y s i s  
o f  t h e s e  r e s u l t s  was perfo rm ed  to  c a l c u l a t e  th e  s i g n i f i ­
cance  o f  th e  f a c t o r s  i n v o lv e d .
As a p o i n t  o f  c l a r i f i c a t i o n ,  when th e  term shr im p 
" t a i l "  i s  used  i n  t h i s  d i s s e r t a t i o n ,  i t  r e f e r s  to  a l l  the  
abdominal segments p lu s  t h e  t e l s o n .  The shrimp were 
headed a t  the  a n t e r i o r  end o f  the  " t a i l . "  The s h e l l
Shrimp
0 day Freeze-Thaw
Head S e c t io n
- 20°C
T re a te d  the  
same as  ±0°C
T a i l  S e c t io n
pH D e te rm in a t io n  pH D e te rm in a t io n
8 day Same T rea tm en t  as  0 day
16 day Same T rea tm en t  as  0 day
Diagram 1. Schem atic  o f  E x p e r im en ta l  P ro c ed u re s  Used 
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co v e r in g  was p e e l e d  from th e  shrimp e x c e p t  f o r  t h e  s h e l l  
on th e  l a s t  abdominal segment and t e l  son a t  th e  p o s t e r i o r  
end o f  t h e  t a i l .
Measurement o f  D i s c o l o r a t i o n  
in  Breaded Shrimp
The p u rpose  o f  t h i s  ex pe r im en t  was to e v a l u a t e  f a c ­
t o r s  which cause  and i n f l u e n c e  d i s c o l o r a t i o n ,  as  w e l l  as  
to  d e te rm in e  the  e f f e c t i v e n e s s  o f  an a s c o r b i c  a c i d - c i t r i c  
a c id  mix and sodium t r i p o l y p h o s p h a t e  a s  p o s s i b l e  ag e n ts  
f o r  i n h i b i t i n g  o r  r e t a r d i n g  d i s c o l o r a t i o n  in  b read e d  shr im p.  
Diagram 2 shows th e  e x p e r im e n ta l  p ro c e d u re s  t h a t  were em­
p loyed  to  t e s t  th e  e f f e c t s  o f  th e  above m entioned  f a c t o r s .
The e f f e c t s  o f  t e m p e ra tu r e  were e v a lu a t e d  by e x p o s ­
ing  some samples to  a f r e e z e - t h a w  c y c l e . a t  r e g u l a r  i n t e r ­
v a l s  o f  4 weeks. O ther  samples  were m a in ta in e d  a t  -20°C 
th ro u g h o u t  th e  d u r a t i o n  o f  the  s tu d y .  The shrimp u n d e r ­
going  f r e e z e - t h a w  c y c l e s  were a l low ed  to  thaw by exposure  
to  room t e m p e r a tu r e  f o r  f i v e  h o u rs .
The e f f e c t s  o f  i r o n  on b readed  shrimp d i s c o l o r a t i o n  
were e v a lu a t e d  by i n c o r p o r a t i n g  i r o n  io n s  i n t o  th e  b a t t e r  
mix b e f o r e  th e  shr imp were d ip p e d .  A 100 ppm i r o n  s o l u t i o n  
was p r e p a re d  by p i p e t t i n g  10 ml of  a 1000 ppm i r o n  s o l u t i o n  
i n t o  90 ml o f  b a t t e r .  A l l  shrimp to  be con tam in a ted  w i th  
i r o n  io n s  were d ip p ed  i n t o  t h i s  b a t t e r  s o l u t i o n .  In  o r d e r  
t o  t e s t  th e  e f f e c t i v e n e s s  o f  c i t r i c  a c i d  and a s c o r b i c  a c i d ,  
an a s c o r b i c  a c i d - c i t r i c  ac id  power m ix tu re  was d i s s o l v e d  in
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a sm all  q u a n t i t y  o f  d i s t i l l e d  w ate r  and th en  added to  
b a t t e r  t o  g iv e  a 0 .2  and 1.0% m ix t u r e ,  r e s p e c t i v e l y .  The 
shrimp were d ipped  in  t h i s  b a t t e r ,  b read ed  and s t o r e d  under 
th e  s p e c i f i e d  c o n d i t i o n s .
Sodium t r i p o l y p h o s p h a t e  t r e a t e d  shrimp were p rep a red  
by submerging th e  shrimp in  a sodium t r i p o l y p h o s p h a t e  s o l u ­
t i o n  (4%) f o r  60 s e c o n d s ,  th en  d ipped  i n  b a t t e r ,  and 
b read ed .  These samples were then  s t o r e d  under  th e  s p e c i ­
f i e d  c o n d i t i o n s .  In  o r d e r  to  p r e p a r e  a c o n t r o l ,  shr imp 
were d ip p ed  in  b a t t e r  and b readed  w i th  no t r e a t m e n t  and 
s t o r e d  under  the  p ro p e r  c o n d i t i o n s  as  o u t l i n e d  i n  the  
sc h e m a t ic .
The q u a l i t y  o f  th e  shrimp p r i o r  t o  b r e a d in g  was 
e v a lu a t e d  a s  a f a c t o r  i n  d i s c o l o r a t i o n  o f  b read ed  shrimp by 
keeping  the  shrimp on i c e  over  r e g u l a t e d  p e r i o d s  o f  t im e .  
This  a l lo w ed  f o r  th e  b u i ld u p  o f  b a c t e r i a l  p o p u l a t i o n s ,  
breakdown o f  o r g a n ic  components and th u s  d ec o m p o s i t io n .  
I n o c u l a t i o n s  were made a f t e r  shrimp had been on i c e  f o r  0 
( f r e s h ) ,  8 and 16 d ay s .
D i s c o l o r a t i o n  o f  th e  b readed  shr imp was measured by 
means o f  a s i g h t  p a n e l .  The p an e l  c o n s i s t e d  o f  8 judges  
u s in g  a hedon ic  s c a l e  numbered from 1 to  7. F ig u re  1 shows 
th e  q u e s t i o n n a i r e  used by p a n e l i s t s  to  judge  t h e  b readed  
sh r im p .  The lo w e s t  number (1) i n d i c a t e s  no d i s c o l o r a t i o n ,  
w h i le  th e  h i g h e s t  number (7) i n d i c a t e s  v e r y  heavy d i s c o l o r a ­
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then  a g a in  a f t e r  18 weeks o f  s t o r a g e .  The v a lu e  g iv e n  f o r  
the  i n i t i a l  ju d g in g  was 1 becau se  d i s c o l o r a t i o n  does n o t  
t a k e  p l a c e  i n  the  b r e a d in g  im m ed ia te ly .  At a l l  ju d g in g  
t h e r e a f t e r ,  a f r e s h l y  p r e p a re d  c o n t r o l  was u sed  f o r  com­
p a r i s o n  w i th  th e  o t h e r  sam ples .  The c o n t r o l  a lways had a 
d i s c o l o r a t i o n  v a lu e  o f  1.
A s t a t i s t i c a l  a n a l y s i s  u s in g  a randomized com plete  
b lo c k  d e s ig n  w ith  a f a c t o r i a l  a r rangem en t  o f  t r e a t m e n t s  
was performed on th e  above p r o c e d u r e s .
Measurement of  V o l a t i l e  Bases
The pu rpose  o f  t h i s  ex p e r im en t  was to  measure  th e  
changes i n  v o l a t i l e  b a s e s .  I t  i s  c o n c e iv a b le  t h a t  a 
b u i ld u p  o f  the  v o l a t i l e  bases  co u ld  change the  pH i n  th e  
b read in g  m a t e r i a l ,  which i n  t u r n  cou ld  i n i t i a t e  d i s c o l o r a ­
t i o n .  Diagram 3 shows the  s c h em a t ic  used  to  e v a l u a t e  
changes in  v o l a t i l e  b a s e s .  F r e s h ,  p e e l e d ,  dev e in ed  shrimp 
were p la c e d  in p l a s t i c  bags and s t o r e d  i n  i c e  a t  -20°C and 
under  f r e e z e - th a w  c o n d i t i o n s .  V o l a t i l e  b a se s  were measured 
a t  0 day ( f r e s h  s t a t e )  and th e n  a t  5-day i n t e r v a l s  t h e r e ­
a f t e r  up to  20 d ay s .  In a l l  sam p les ,  measurements were 
made of  the  a n t e r i o r  and p o s t e r i o r  ends o f  th e  shrimp t a i l .  
Three r e p l i c a s  were ru n  on each sam ple .
The method employed by Lagarde (46) was used  to 
measure v o l a t i l e  b a s e s .  The sample was p re p a re d  by w e ig h ­
ing o u t  25 g o f  sh r im p ,  adding  225 ml o f  4% t r i c h l o r o a c e t i c  
a c id  to g iv e  a 1:10 d i l u t i o n  f a c t o r ,  and b le n d in g  f o r  2
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m inutes  in  a Waring B len d e r .  This  s o l u t i o n  was c e n t r i f u g e d  
fo r  15 m inu tes  a t  2500 rpm. The s u p e r n a t a n t  was poured o f f  
and f i l t e r e d  to  remove p a r t i c l e s  o f  p r e c i p i t a t e .
The d i f f u s i o n  a p p a ra tu s  was composed o f  150 ml wide 
mouth b o t t l e s  c o n t a i n i n g  a 10 ml b e a k e r .  The beaker  he ld  
2 ml o f  0.005N HC1 and T a s h i r o ' s  i n d i c a t o r .  To th e  bottom 
o f  the  b o t t l e  was added 0 .5  ml o f  t h e  s u p e r n a t a n t  from th e  
sample and 1 ml o f  40% KOH. Care was e x e r c i s e d  n o t  to  co n ­
t a m in a te  th e  s o l u t i o n  i n  th e  10 ml b e a k e r .  A f t e r  t i g h t l y  
s e a l i n g  th e  b o t t l e ,  th e  system was d i s t i l l e d  a t  room tem­
p e r a t u r e  f o r  6 h o u r s .  Work done by Lagarde (46) shown i n  
F ig u re  2 below i n d i c a t e s  t h a t  5-6 hours  i s  enough t im e to  
a l lo w  f o r  com ple te  d i s t i l l a t i o n :
C o n t ro l
1 . 0
M i l l i l i t e r s  
o f  0.01 
Ba(OH) 2 
Required f o r  
T i t r a t i o n
0 . 6
0 .1  mg S tan d a rd
0 .5  mg S tan d a rd
0 . 2
0 1 2 3 4 5 6 7 8
Time (hou rs )
F ig u re  2. I s o th e rm a l  D i s t i l l a t i o n  
S t a n d a r d i z a t i o n
4 5
A f t e r  th e  p ro p e r  e l a p s e  of  t im e ,  th e  excess  HC1 in  
the  10 ml b eak e rs  was t i t r a t e d  w i th  0.01N Ba(H0)2 u s in g  a 
m i c r o b u r e t ,  a c c u r a t e  to  2/100 ml. The fo rm u la  below, as  
used by Lagarde ( 4 6 ) ,  was used  i n  c a l c u l a t i n g  th e  m i l l i ­
grams o f  v o l a t i l e  b a s e  p e r  100 grams o f  sam ple .
V.B. p e r  100£ = fC? ? ^ l e S'£ e ? ^ h t ( 1^ '~l '000D'> X 1000 X 100gram o f  sample (sample w e ig h t )  X 1000
where 14 = molecular weight  o f  nitTOgen 
N = normality  of  Ba(OH)2 
D = d i l u t i o n  f a c to r
A s t a t i s t i c a l  a n a l y s i s  was perfo rm ed  on t h e s e  e x ­
p e r im e n ta l  p ro c e d u re s  in v o lv in g  v o l a t i l e  b a s e s .
T o ta l  P l a t e  Count
The pu rpose  o f  t h i s  ex p e r im en t  was to  d e te rm in e  
changes i n  m ic roorgan ism s  p o p u l a t i o n  i n  shrimp d u r in g  
s t o r a g e  c o n d i t i o n s .  The q u a l i t y  o f  shrimp b e f o r e  th e y  a r e  
breaded i s  a f a c t o r  i n  m a in t a in in g  good c o l o r  p r o p e r t i e s  
in  the  b re ad in g  m a t e r i a l ,  and t h i s  i s  r e l a t e d  to  b a c t e r i a l  
p o p u l a t i o n s .
A sc h em a t ic  s i m i l a r  to  Diagram 3 used  to  m easure  
v o l a t i l e  b ases  was a l s o  used  to  e v a lu a t e  m ic ro o rg an ism s .
A l l  s t o r a g e  c o n d i t i o n s  were e x a c t l y  th e  same. The o n ly  
d i f f e r e n c e  was t h a t  t h e  s e c t i o n  o f  shrimp was n o t  i n v o lv e d .
The pour  p l a t e  t e c h n iq u e  was used  to  d e te rm in e
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m icroorgan ism  numbers by d i r e c t  co u n t in g  o f  th e  c o l o n i e s .  
The sample was p r e p a re d  by a s e p t i c a l l y  weighing  25 g o f  
shrimp and b le n d in g  f o r  2 m inu tes  in  a Waring Blender  a f t e r  
th e  a d d i t i o n  of  225 ml o f  s t e r i l e  B u t t e r f i e l d ' s  phosphate  
b u f f e r .  The p ro p e r  d i l u t i o n s  were made from t h i s  1:10 
s o l u t i o n  f o r  each p a r t i c u l a r  sample .  A l l  d i l u t i o n s  were 
made i n t o  s t e r i l e  90 ml ph o sp h a te  b u f f e r  b l a n k s ,  u s in g  
10 ml a l i q u o t s  from th e  p r e v io u s  d i l u t i o n .  A f t e r  the  
p ro p e r  d i l u t i o n s  o f  sample had been p la c e d  i n t o  s t e r i l e  
p e t r i  d i s h e s ,  Eugon ag a r  was used  as  a growth medium. The 
p l a t e s  were in c u b a te d  48 h r s  a t  38°C, and th e  c o lo n ie s  
c o u n te d .  By m u l t i p l y i n g  the  i n v e r s e  o f  th e  d i l u t i o n  t imes 
t h e  number o f  c o l o n i e s ,  the  number o f  b a c t e r i a  p e r  gram 
were c a l c u l a t e d .
RliSULTS AND DISCUSSION
1. P r e l im i n a r y  S tu d ie s
In  o r d e r  to  d eve lop  a s c i e n t i f i c  u n d e r s t a n d in g  o f  
t h e  f a c t o r s  which c a u s e  or  i n f l u e n c e  d i s c o l o r a t i o n  in  
b readed  sh r im p ,  i t  was n e c e s s a r y  t o  i n v e s t i g a t e  the  b a s i c  
n a t u r e  o f  d i s c o l o r e d  b readed  shr imp sam ples .  Upon i n i t i a l  
e x a m in a t io n ,  i t  was found t h a t  th e  d i s c o l o r e d  a r e a s  were 
r e s t r i c t e d  a lm os t  e x c l u s i v e l y  to  the  b re a d in g  m a t e r i a l .
Only in  o ld  samples d i d  any shrimp f l e s h  c o n t a i n  d a rk e n in g .  
S ince  the  d i s c o l o r a t i o n  r e a c t i o n s  a r e  r e s t r i c t e d  to  the  
b read in g  m a t e r i a l  i n  t h e s e  e x p e r im e n t s ,  th e  f a c t o r s  r e s p o n ­
s i b l e  were e v a lu a t e d  from the  b r e a d i n g .
I t  was n o te d ,  upon i n i t i a l  ex am in a t io n  o f  shrimp 
samples r e c e i v e d  from a p r o c e s s o r ,  t h a t  s e v e r a l  t y p e s  o f  
d i s c o l o r a t i o n  were p r e s e n t  in  th e  b r e a d i n g .  This  i n d i ­
c a t e d  t h a t  t h e r e  a r e  v a r i o u s  f a c t o r s  or  c o n d i t i o n s  which 
a r e  r e s p o n s i b l e  f o r  c a u s in g  o r  i n f l u e n c i n g  d i s c o l o r a t i o n s  
and t h a t  p e rh a p s  d i f f e r e n t  c o n d i t i o n s  a r e  needed f o r  d i f ­
f e r e n t  ty p e s  o f  d i s c o l o r a t i o n s .  One o f  th e  commonest 
ty p e s  of  d i s c o l o r a t i o n s  was a " y e l l o w i n g . 11 This  ty p e  o f  
d i s c o l o r a t i o n  seems to  occur  m o s t ly  i n  the  p o s t e r i o r  end 
o f  sam p les ,  b u t  cou ld  be found anywhere on th e  sam ple .  I f  
th e  " y e l lo w in g "  was d a r k  enough, i t  ap p e a red  to  be brown,
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and i f  i t  was l i g h t  enough i t  a p p ea red  to  be g r e e n i s h -  
ye l low .  A " g ra y in g "  d i s c o l o r a t i o n  was a l s o  common. I t  
o cc u r re d  no t  on ly  a t  the  p o s t e r i o r  end o f  the  shrimp 
sample ,  b u t  th ro u g h o u t  the  b re a d in g  m a t e r i a l .  These 
samples v a r i e d  from l i g h t  gray to  da rk  g r a y - b l a c k .  O ther  
types  o f  d i s c o l o r a t i o n s  a l s o  occu r  i n  b readed  sh r im p ,  but  
they  a r e  n o t  as common. A d i s t i n c t  g reen  to  b lu e - g r e e n  
p ig m e n ta t io n  can sometimes be fo u n d .  I t  u s u a l l y  o c c u r s  in  
sp o ts  n e a r  the  t a i l ,  b u t  can be found i n  o t h e r  a r e a s ,  and 
i s  u s u a l l y  found i n  com bina t ion  w i th  o t h e r  types  o f  d i s ­
c o l o r a t i o n s .
P re l im i n a r y  s t u d i e s  r e a f f i r m  th e  f i n d i n g s  o f  Thomp­
son and F a r r a g u t  (7 2) t h a t  the  p igment from d i s c o l o r e d  p o r ­
t i o n s  o f  b readed  shrimp (b re a d in g )  i s  s o l u b l e  i n  w a te r ;  
however,  i t  was n e c e s s a r y  to make the  w a te r  s l i g h t l y  a l k a ­
l i n e  to  m a in t a in  th e  h i g h e s t  d e g re e  o f  c o l o r .  The e x t r a c t e d  
m a t e r i a l  cou ld  be made c o l o r l e s s  by the  a d d i t i o n  o f  a c i d ,  
b u t  th e  c o lo r  r e t u r n e d  by making th e  s o l u t i o n  s l i g h t l y  
a l k a l i n e  a g a in .
The a b i l i t y  o f  v o l a t i l e  b a s e s  t o  c au se  d i s c o l o r a t i o n  
in  b read in g  m a t e r i a l  was d em o n s t ra te d  i n  a p r e l i m i n a r y  
s tudy  by expos ing  t h e  b read in g  m a t e r i a l  to  an ammonia a t ­
mosphere u s in g  a Conway D i f f u s i o n  D ish .  Almost immedi­
a t e l y  th e  b read in g  became g r e e n i s h  o r  y e l l o w i s h .  This  ex ­
pe r im en t  showed t h a t  n o t  only  co u ld  d i s c o l o r a t i o n  o f  t h i s  
type r e s u l t  from p r o c e s s in g  p l a n t  env i ronm en ta l  c o n d i t i o n s ,
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f o r  example,  e s c ap in g  ammonia gas used  in  th e  c o o l in g  s y s ­
tem, b u t  i t  cou ld  a l s o  be a r e s u l t  o f  v o l a t i l e  b a s e s ,  such 
as  ammonia, TMA, and DMA, be ing  produced  from th e  shrimp 
f l e s h  as  a r e s u l t  o f  p r o t e i n  d e g r a d a t i o n .
Many t im es  m e t a l l i c  ions  a r e  r e s p o n s i b l e  f o r  d i s ­
c o l o r a t i o n  r e a c t i o n s  in  fo o d s .  Based on f i n d i n g s  in  the  
l i t e r a t u r e  and in  l a b o r a t o r y  r e s e a r c h ,  i r o n  and copper  were 
examined. A p r e l i m i n a r y  s tu d y  o f  i r o n  and copper  was p e r ­
formed to  e v a lu a t e  th e  e x t e n t  of  invo lvem en t  in  th e  d i s ­
c o l o r a t i o n  r e a c t i o n s .  Table  1 shows th e  ppm o f  i r o n  in  
v a r i o u s  p a r t s  o f  th e  sh r im p,  w h i le  T ab le  2 shows the  ppm 
of  co p p e r .  From Table  1, i t  can be seen  t h a t  th e  h i g h e s t  
c o n c e n t r a t i o n  o f  i r o n  i n  b r e a d in g  m a t e r i a l  i s  found in  th e  
b la c k  b r e a d in g ,  a form o f  " g r a y in g "  d i s c o l o r a t i o n .  Whole 
shrimp w i th  b la c k  and g re en  d i s c o l o r a t i o n  a l s o  seem to  have 
a r e l a t i v e l y  h ig h  i r o n  c o n t e n t .  T h is  i n d i c a t e s  t h a t  i r o n  
f u n c t i o n s  in  d i s c o l o r a t i o n  r e a c t i o n s .  The sample t h a t  a p ­
p ea red  g ray  w i th  g r e e n in g  a l s o  had a h ig h  i r o n  c o n t e n t  in  
the  debreaded  sh r im p .  The shrimp components w i th  " y e l lo w ­
ing" d i s c o l o r a t i o n ,  as  w e l l  as  the  c o n t r o l  sam p les ,  d id  n o t  
e x h i b i t  a s  h igh  an  i r o n  c o n t e n t .  From t h i s  p r e l i m i n a r y  
s tu d y ,  i t  was shown t h a t  p e rh ap s  i r o n  i s  in v o lv e d  more i n  
the  " g r a y in g "  d i s c o l o r a t i o n  th an  i n  th e  "y e l lo w in g "  d i s ­
c o l o r a t i o n .
From Table  2, i t  can be seen  t h a t  th e  c o n c e n t r a t i o n  
o f  copper  i s  n e a r l y  the  same in  a l l  sam p les ,  e x c e p t  f o r
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TABLE 1
I ro n  C on ten t  o f  V ar ious  Types o f  D is c o lo re d  
Breaded Shrimp and Components
____________ ppm I ro n ____________
Type o f  D i s c o l o r a t i o n  R e p l i c a s
1 2 3 av
Yellow
Cl) Yellow b re ad in g
(2) deb readed  shrimp
(3) Shrimp and b r e a d i n g
Black w i th  Green
Cl) g re e n  b read in g  
C2) b la c k  b read in g  
C3) deb readed  shrimp 
C4) shrimp and b re a d in g
Gray w i th  Green
Cl) g r a y - g r e e n  b r e a d in g  
C2) d eb read ed  shrimp 
C3) shrimp and b re a d in g
N o n -d i sc o lo re d  Ccon tro l)  
Cl) b read in g  
C2) debreaded  shrimp 
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Copper C on ten t  o f  V ar io u s  Types o f  D i s c o lo r e d  
Breaded Shrimp and Components
 ppm Copper____________
Type o f  D i s c o l o r a t i o n  R e p l i c a s
1 2 3 av
Yellow
(1) y e l lo w  b re a d in g
(2) d eb read ed  shrimp
(3) shr imp and b r e a d in g
Black  w i th  Green
Cl] g re e n  b r e a d in g
(2) b l a c k  b r e a d in g
(3) d e b re a d e d  shrimp
(4) shr imp and b r e a d in g
Gray w i th  Green
(1) g r a y - g r e e n  b r e a d in g
(2) d e b re a d e d  shrimp
(3) shr im p and b r e a d in g
N o n - d i s c o lo r e d  ( c o n t r o l )
(1) b r e a d in g
(2) d e b re a d ed  shrimp
(3) sh r im p and b r e a d in g
1 .1 8 1 .18
1 .61 0.98 1. 28 1.29
1 .13 1.16 1 .70 1.33
1 .07 1 .29 1 .55 1.30
2.66 1 .70 1. 20 1.85
2 .43 1 .50 2.39 2.11
1 .02 1.49 1.16 1.22
0 .77 0.79 0.74 0.77
2.04 2.14 1 .50 1.89
0 .88 0 .96 1.33 1 .06
0 .7 5 0.78 0 .76 0 .76
1 .66 1 .02 1.50 1 .39
1 .11 — 1.11
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t h e  r e l a t i v e l y  h ig h  l e v e l  i n  th e  b l a c k  and g reen  debreaded  
shrimp samples and th e  low l e v e l  i n  th e  g r a y -g rc e n  b r e a d ­
ing and i n  the  c o n t r o l  b r e a d in g .  Based on th e  r e s u l t s  o f  
t h i s  e x p e r im e n t ,  i r o n  and copper  ions  were in c o r p o r a t e d  
s e p a r a t e l y  i n t o  b a t t e r  m ixes ,  making a 100 ppm s o l u t i o n ,  
and a p p l i e d  to  sh r im p .  A f t e r  3 months o f  f r o z e n  s t o r a g e ,  
w i th  f r e e z e - t h a w  c y c l e s ,  th e  shr imp w i t h  i r o n  io n s  showed 
c o n s i d e r a b l e  " g r a y in g "  d i s c o l o r a t i o n ,  w h i l e  the  shr imp w i th  
th e  copper  io n s  d em o n s t ra te d  somewhat l e s s  d i s c o l o r a t i o n .  
The p r e l i m i n a r y  s t u d i e s  o f  i r o n  and co p p e r  were u sed  to  
d e s ig n  l a t e r  ex p e r im en ts  i n  m easur ing  and e v a l u a t i n g  the  
amount o f  d i s c o l o r a t i o n .
The pH o f  th e  b r e a d in g  m a t e r i a l  was examined, i n  a 
p r e l i m i n a r y  s tu d y ,  to  d e te rm in e  p o s s i b l e  pH invo lvem ent  as  
a f a c t o r  i n  d i s c o l o r a t i o n .  Thompson and F a r r a g u t  (72) 
found t h a t  normal shr im p had a pH o f  7 .4  b u t  d i s c o l o r e d  
shrimp had a pH o f  7 .8 .  The ex am in a t io n  o f  the  d i s c o l o r e d  
b r e a d i n g ,  as  shown i n  Table  3 ,  d em o n s t ra te d  t h a t  i t  d id  
indeed  have a h ig h e r  pH th a n  n o n - d i s c o l o r e d  b r e a d in g .  The 
c o n t r o l  sample ( f r e s h l y  b read ed  shr imp) had a pH o f  7 .0 0 ,  
and g re e n  b re a d in g  had a pH o f  7 .7 8 .
I t  was shown t h a t  th e  same shrimp sample may have 
d i f f e r e n t  pH r e a d i n g s .  Yellow b re a d in g  t a k e n  from th e  
p o s t e r i o r  end o f  shr imp samples had an av e ra g e  pH o f  8 .0 0 ,  
whereas n o n - d i s c o l o r e d  b re a d in g  from t h e  same shr imp d i s ­
p layed  an av e rag e  pH o f  7 .3 3 .  This  i n d i c a t e s  t h a t  a high
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TABLli 3 
pH Measurements o f  Shrimp Breading
Sample R e p l i c a s1 2 3 av
Yellow b re ad in g * 8 . OS 7.90 8. 05 8 .00
White b read in g * ■ 7.20 7 .40 7.40 7.33
Green b r e a d in g 7.85 7 .70 7.78
Gray b re a d in g 7.60 7 .55 7. 58
C o n t ro l 7.00 7 .0 0 7 .00 7.00
*The ye l lo w  and th e  w h i te  b r e a d in g  were t a k e n  from 
the  same shr im p sam p les ,  th e  ye l low  b e in g  the  d i s c o l o r e d  
p o r t i o n .
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pH i s  n e c e s s a r y  f o r  d i s c o l o r a t i o n  i n  th e  b r e a d i n g .  The 
a d d i t i o n  o f  NaOH to  b r e a d in g  m a t e r i a l  q u i c k ly  tu rn e d  i t  
y e l l o w i s h - g r e e n ,  m a n i f e s t i n g  t h i s  p o i n t .  The av e ra g e  pH 
o f  th e  g ray  b re ad in g  was o n ly  7 .5 8 ,  which i n d i c a t e s  t h a t  
o t h e r  f a c t o r s  a r e  n e c e s s a r y  to  p roduce  " g r a y i n g . "  The 
main p o in t  t o  be made from t h i s  ex p e r im en t  i s  t h a t  pH 
v a r i a n c e s  can occur w i t h i n  the  b re a d in g  o f  the  same shrimp 
sample and t h a t  a h igh  pH can cause  d i s c o l o r a t i o n  in  
b readed  sh r im p .
R e s u l t s  o f  the  ex a m in a t io n  o f  m ic roorgan ism s  a r e  
shown in  F ig u re  3. I t  was the  p u rp o se  o f  t h i s  t e s t  to  
show th e  s t o r a g e  c o n d i t i o n s  n e c e s s a r y  t o  r e t a r d  o r  enhance 
m icroorgan ism  p o p u l a t i o n s .  The g raph  shows t h a t  v e ry  
l i t t l e  i n c r e a s e  i n  g row th  o cc u r re d  i n  samples m a in ta in e d  a t  
-20°C b u t  t h a t  h igh  i n c r e a s e s  were o b se rv e d  i n  samples he ld  
under  f r e e z e - t h a w  c o n d i t i o n s  and on i c e  a f t e r  20 d ay s .  I t  
shou ld  be m entioned  t h a t  the  p o p u l a t i o n s  in  the  f r e e z e - t h a w  
samples  rem ained  r e l a t i v e l y  low up t o  10 days and then  
began to  c l im b r a p i d l y ,  b u t  th e  i c e d  samples began a r a p id  
c l im b a f t e r  5 days .  Because o f  th e  i n c o n s i s t e n t  r e s u l t s  o f  
bo th  t h i s  t e s t  and o t h e r  p r e l i m i n a r y  t e s t s ,  i t  i s  d i f f i c u l t  
to  e v a l u a t e  t h e  r o l e  m ic roorgan ism s  p l a y  in  d i s c o l o r a t i o n .  
However, l a r g e  numbers o f  them can speed  up th e  p r o d u c t i o n  
o f  d eco m p o s i t io n  compounds and r a i s e  th e  pH. A more d e ­
t a i l e d  and com prehensive  s tudy  would be n e c e s s a ry  to  a s c e r ­
t a i n  the ty p e s  and r e l a t i o n s h i p s  o f  m icroorgan ism s  on d i s ­
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I I .  pH R e s u l t s  and D is c u s s io n
Using raw d a t a ,  F ig u re s  4 ,  5, and 6 show changes i n  
pH in  b read ing  from shrimp s t o r e d  on i c e  a t  v a r i o u s  t ime 
i n t e r v a l s .  The shrimp which were b readed  and p la c e d  in  
f r o z e n  s to r a g e  a t  0 day showed the  s m a l l e s t  amount o f  pH 
r i s e .  Large i n c r e a s e  i n t e r v a l s  were no ted  when the  shrimp 
were h e ld  a t  8 and 16 days on i c e .  I t  shou ld  a l s o  be 
no ted  t h a t  th e  pH i n  th e  b r e a d in g  i n c r e a s e d  the  lo n g e r  i t  
was h e ld  in  s t o r a g e  and t h a t  the  i n c r e a s e  was g r e a t e r  as  
t h e  q u a l i t y  o f  t h e  p ro d u c t  d e c r e a s e d .  These g raphs  a l s o  
show t h a t  d i f f e r e n c e s  i n  pH do occur  w i t h i n  th e  same 
sam ples .  The p o s t e r i o r  end o f  th e  b read ed  shrimp t a i l  had 
a h ig h e r  pH in  most  c a s e s  th a n  d id  th e  a n t e r i o r  end.
P re l im in a r y  s t u d i e s  showed t h a t  d i s c o l o r e d  b r e a d i n g ,  
e s p e c i a l l y  " y e l lo w in g , "  a lways had a h ig h e r  pH than  normal 
b r e a d in g .  This  i n d i c a t e s  t h a t  pH i s  a p r im ary  f a c t o r  gov­
e r n in g  t h i s  ty p e  o f  d i s c o l o r a t i o n .
A s t a t i s t i c a l  a n a l y s i s  o f  pH invo lvem en t  in  b readed  
shrimp was perfo rm ed  to  e v a l u a t e  th e  s i g n i f i c a n c e  o f  pH 
r i s e s  in  th e  b r e a d i n g .  The schem a t ic  i n  Diagram 1 was 
used f o r  th e  e x p e r im e n ta l  d e s ig n .
R e s u l t s  from the  s t a t i s t i c a l  a n a l y s i s  ru n  on d a t a  
from pH d e t e r m i n a t i o n s  o f  b re ad in g  show t h a t  a l l  t h e  main 
e f f e c t s ,  Cl) t e m p e ra tu re  o f  s t o r a g e ,  (2) days on i c e  p r i o r  
to  b r e a d i n g ,  (3) weeks o f  s t o r a g e ,  and (4) s e c t i o n  o f  the  
sh r im p,  i . e . ,  th e  a n t e r i o r  end of  the  shrimp t a i l  as
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8 .4 A  -  a n t e r i o r  end ,  a t  -20°C 
□  = p o s t e r i o r  end ,  a t  -20°C
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Figure 4. Changes in pH in Shrimp During
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opposed to  the  p o s t e r i o r  end o f  the  t a i l ,  were found to  be 
h ig h ly  s i g n i f i c a n t  ( P < 0 . 0 1 ) .  Thus a l l  the  main e f f e c t s  
have a r o l e  in  i n f l u e n c i n g  pH which i n  t u r n  c o n t r o l s  d i s ­
c o l o r a t i o n .  Table  4 shows th e  a n a l y s i s  o f  v a r i a n c e  f o r  
t h i s  t e s t .
A h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  between te m p e ra tu re  
o f  s t o r a g e  and weeks o f  s t o r a g e  was o b se rv e d .  I t  i s  a p ­
p a r e n t  from the  d a t a  shown i n  F ig u re  7 t h a t  t e m p e r a tu r e  
f l u c t u a t i o n s  above 0°C ca u se  an a c c e l e r a t i o n  o f  pH s h i f t  
tow ards  the  a l k a l i n e  r a n g e .  C o n s eq u e n t ly ,  s t o r a g e  te m p era ­
t u r e  f o r  f r o z e n  b read ed  shr imp shou ld  be m a in ta in e d  as low 
a s  e co n o m ica l ly  p o s s i b l e  and f l u c t u a t i o n s  above 0°C shou ld  
always be av o id ed .  T h is  i n t e r a c t i o n  a l s o  shows t h a t  pH 
i n c r e a s e s  as  t ime i n  weeks i n c r e a s e s  r e g a r d l e s s  o f  the  
t e m p e r a tu r e  of  s t o r a g e ,  b u t  t h e  i n c r e a s e  i s  g r e a t e r  when 
f l u c t u a t i o n s  above 0°C o c c u r .  Th is  m a n i f e s t s  th e  im p o r t ­
ance of  e l i m i n a t i n g  u n n e c e s s a ry  d e l a y s  i n  moving the  
p r o d u c t  to  th e  consumer.
The i n t e r a c t i o n  between days on i c e  p r i o r  to  b r e a d ­
ing  and weeks o f  c o ld  s t o r a g e  was h i g h l y  s i g n i f i c a n t .  The 
d a t a  i s  p l o t t e d  i n  F ig u r e  8. C l e a r l y ,  i t  can be seen  t h a t  
as  the  number o f  days on i c e  p r i o r  t o  b read in g  i n c r e a s e s ,  
a l a r g e  i n c r e a s e  i n  pH o c c u r s .  This  i n d i c a t e s  t h a t  com­
pounds p roduced  as a r e s u l t  of  d e c o m p o s i t io n  in  shr imp a r e  
more r a p i d l y  b u i l t  up d u r in g  t h i s  p hase  o f  the  b r e a d in g  
o p e r a t i o n  than  in  th e  s t o r a g e  p h as e .  R e s u l t s  from t h i s
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TABLE 4
A n a ly s is o f  V ar ian c e  
i n  Breaded
f o r  V a r i a b l e  
Shrimp
pH
Source Degrees o f  Freedom Mean Square F V alue
Temperature 1 0.0890 14.785**
Days on Ice 2 2.9407 488.600**
Weeks o f  S to ra g e 2 3.9195 651.246**
S e c t io n  o f  Shrimp 1 0.4408 73.246**
T X D 2 0.0001 0.015
T X W 2 0.0590 9.800**
D X W 4 0.7548 125.415**
T X D X W 4 0.0026 0.431
T X S 1 0.0157 2.600
D X S 2 0.0258 4.292*
T X D X S 2 0.0168 2.785
W X S 2 0.1158 19.246**
T X W X S 2 0.0045 0.7 54
D X W X S 4 0.0092 1.523
T X D X W X S 4 0.0107 1.769
E r ro r 72 0.0060
C o r r e c te d  T o ta l 107
A ll  main e f f e c t s  and i n t e r a c t i o n s  were t e s t e d  u s in g  
th e  e r r o r  v a l u e .
* S i g n i f i c a n t  a t  th e  51 l e v e l  
* * S i g n i f i c a n t  a t  th e  1% l e v e l
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i n t e r a c t i o n  d e m o n s t ra te  the  im por tance  o f  u s in g  f r e s h  
shrimp and show a g a in  t h a t  pH i n c r e a s e s  as  the  l e n g t h  o f  
t ime o f  co ld  s t o r a g e  i n c r e a s e s .
F ig u re  9 i l l u s t r a t e s  the  i n t e r a c t i o n  between the  
number o f  days th e  shrimp were r e t a i n e d  on ic e  p r i o r  to 
b read in g  and th e  pH o f  th e  s e c t i o n  o f  sh r im p .  The i n t e r ­
a c t i o n  shows t h a t  the  pH in  th e  p o s t e r i o r  end o f  the  
shrimp was h ig h e r  th a n  th e  pH in  th e  a n t e r i o r  end o f  the  
shrimp and t h a t  pH in c r e a s e d  in  each  s e c t i o n  s i g n i f i c a n t l y  
as the  l e n g t h  o f  t ime on i c e  p r i o r  to  b rea d in g  i n c r e a s e d .
I t  should  be m entioned h e r e  t h a t  th e  s h e l l  r em a in ing  on 
the  p o s t e r i o r  end o f  th e  shrimp i s  a p p a r e n t l y  r e s p o n s i b l e  
f o r  the  i n c r e a s e  o f  pH. This  s h e l l  l e n d s  i t s e l f  to  h a r b o r ­
ing  b a c t e r i a ,  which a r e  n o t  e a s i l y  washed o f f  becau se  o f  
th e  porous  n a t u r e  o f  the  s h e l l ,  which i n  t u r n  p roduce  d e ­
co m p o s i t io n  p r o d u c ts  c a p a b le  of  c a u s in g  pH i n c r e a s e s .  The 
s h e l l  may a l s o  work to  f u n n e l  and c o n c e n t r a t e  compounds, 
such as  v o l a t i l e  b a s e s ,  c a u s in g  a h i g h e r  pH in  t h a t  a r e a .  
Many t im es  d i s c o l o r a t i o n  o f  the  b readed  shrimp b eg in s  and 
i s  more i n t e n s e  a t  t h e  l i p  o f  the  s h e l l .  N o t ic e  i n  F ig u re  
23 how d i s t i n c t  th e  d i v i d i n g  l i n e  i s  between d i s c o l o r e d  
and n o n - d i s c o l o r e d  b r e a d i n g .  This  l i n e  marks th e  s p o t  
where th e  t a i l  s h e l l  ends and i l l u s t r a t e s  how v o l a t i l e  
b ases  and o t h e r  complexing m a t e r i a l s  from under  th e  s h e l l  
a r e  c o n c e n t r a t e d  a t  t h i s  p a r t i c u l a r  a r e a .
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weeks o f  c o ld  s t o r a g e  and th e  s e c t i o n  o f  the  sh r im p .  This 
r e l a t i o n s h i p  i s  shown i n  F ig u re  10. The i n t e r a c t i o n  shows 
t h a t  t h e  p o s t e r i o r  s e c t i o n  o f  th e  b readed  shrimp sample has 
a h ig h e r  pH than  th e  a n t e r i o r  s e c t i o n ,  as  no ted  i n  the  
above i n t e r a c t i o n  f o r  th e  same r e a s o n s ,  and t h a t  the  pH 
i n c r e a s e s  i n  b o th  s e c t i o n s  as  th e  weeks o f  s t o r a g e  i n ­
c r e a s e .
Summarizing, i t  was shown t h a t  the  main e f f e c t s  o f  
t e m p e r a t u r e ,  days on i c e  p r i o r  to  b r e a d in g ,  and weeks o f  
s t o r a g e  have a r e l a t i o n s h i p  to  pH i n c r e a s e s  i n  b readed  
sh r im p.  I t  was a l s o  shown t h a t  t h e r e  i s  a s i g n i f i c a n t  
d i f f e r e n c e  i n  pH w i t h i n  th e  same shrimp sample.
I I I .  S i g h t  P an e l  R e s u l t s  and D is c u s s io n
R e s u l t s  from th e  s t a t i s t i c a l  a n a l y s i s  r u n  on d a t a  
from the  s i g h t  p a n e l  t e s t  show t h a t  a l l  the  main e f f e c t s ,  
(1) p r e s e n c e  o f  i r o n  i o n s ,  (2) te m p e ra tu r e  o f  s t o r a g e ,
(3) t r e a t m e n t s ,  (4) number o f  days on i c e  p r i o r  to  b r e a d ­
in g ,  and (5) weeks o f  s t o r a g e ,  were found to  be h i g h l y  
s i g n i f i c a n t  ( P < 0 . 0 1 ) .  This  i n d i c a t e s  t h a t  a l l  o f  the  
above e f f e c t s  have a d e f i n i t e  r e l a t i o n s h i p  in  d i s c o l o r a ­
t i o n  r e a c t i o n s .  T ab le  5 shows th e  a n a l y s i s  o f  v a r i a n c e  
f o r  t h i s  t e s t .
A s i g n i f i c a n t  i n t e r a c t i o n  between th e  p r e s e n c e  o f  
i r o n  ions  and t h e  t e m p e r a tu r e  o f  s to r a g e  was o b se rv e d .
















F ig u re  10. E f f e c t s  o f  Weeks o f  S to r a g e  and S e c t io n
o f  Shrimp a s  R e la ted  to  pH o f  th e  Breading
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TABLE 5
A n a ly s i s  o f  V a r ia n c e  f o r  D i s c o l o r a t i o n  
in  Breaded Shrimp
Source Degrees o f  Freedom Mean Square F Value
Judge 7 4.9603 8.931**
P re sen ce  o f  I ro n 1 13.5000 24.305**
S to ra g e  Tem pera ture 1 151.6713 273.063**
T rea tm en t 2 52.9618 95.350**
Days on I c e 2 8.1979 14.759**
Weeks o f  S to ra g e 2 281.9201 507.558**
I X S 1 2.4491 4.409*
I X T 2 9.2118 16.585**
S X T 2 16.7789 30.208**
I X S X T 2 4.3623 7.854**
I X D 2 0.2188 0.394
S X D 2 8.3831 15.093**
I X S X D 2 0.4039 0.727
T X D 4 5.9722 10.752**
I X T X D 4 1.5556 2.801*
S X T X D 4 4.4491 8.010**
I X S X T X D 4 0.1296 0.023
I X W 2 4.6285 8.333**
S X W 2 51.2651 92.296**
I X S X W 2 5.1123 9.204**
T X W 4 17.2569 31.069**
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TABLE 5 (co n t in u e d )
Source Mean Square F Value
I X T X w 4 3 . 2 1 S 3 5 . 7 8 9 * *
S X T X w 4 6 . 3 1 0 2 1 1 . 3 6 1 * *
I X S X T X w 4 1 . 1 0 8 8 1 . 9 9 6
D X W 4 4 . 1 1 2 9 7 . 4 0 5 * *
I X D X W 4 2 . 2 4 8 3 4 . 0 4 8 * *
S X D X w 4 1 4 . 0 9 6 6 2 5 . 3 7 9 * *
I X S X D X w 4 1 . 2 8 0 7 2 . 3 0 6
T X D X W 8 3 . 9 4 4 4 7 . 1 0 1 * *
I X T X D X w 8 1 . 8 0 3 8 3 . 2 4 8 * *
S X T X D X w 8 4 . 5 5 3 2 8 . 1 9 7 * *
I X s X T X D X W 8 2 . 0 8 9 7 3 . 7 6 2 * *
E r ro r 749 0 . 5 5 5 4
Total 863
A l l  main e f f e c t s  and i n t e r a c t i o n s  were t e s t e d  u s in g  
t h e  e r r o r  v a l u e .
* S i g n i f i c a n t  a t  the  5% l e v e l
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t h a t  a s  th e  t e m p e ra tu r e  i n c r e a s e s  so does th e  d i s c o l o r a ­
t i o n .  Samples c o n t a i n i n g  i r o n  ions  i n c r e a s e d  in  d i s c o l o r a ­
t i o n  f a s t e r  than  samples  which d id  n o t  c o n t a i n  i r o n  i o n s . 
A c c o rd in g ly ,  samples shou ld  a lways be m a in ta in e d  a t  as low 
a t e m p e ra tu r e  as  p o s s i b l e  to  e l i m i n a t e  th e  p o s s i b i l i t y  o f  
a c c e l e r a t e d  d i s c o l o r a t i o n  i n  samples  t h a t  may have become 
co n tam in a te d  w i th  i r o n .  F ig u re s  21, 22, 23, and 24 show 
some o f  th e  shrimp samples  u se d  in  th e  s i g h t  p a n e l  t e s t .  
F ig u re  2 2 shows th e  " g r a y in g "  which o c c u r s  when shrimp 
have been  co n ta m in a te d  w i th  i r o n  io n s  and have undergone 
t e m p e r a tu r e  f l u c t u a t i o n s .  Breaded shrimp w i t h o u t  i r o n  io n s  
and s t o r e d  under  f r e e z e - t h a w  c o n d i t i o n s  a r e  i n  F ig u re  21. 
N o t ice  t h e  "y e l lo w in g "  t h a t  o c c u r r e d .  O b s e rv a t io n s  made 
in  p r o c e s s in g  p l a n t s  showed t h a t  i r o n  c o n ta m in a t io n  can 
occur  i n  s e v e r a l  a r e a s .  The w a l l s  and f l o o r s  o f  the  i c e  
su p p ly  b i n  can become r u s t y  a s  can  in s t r u m e n t s  u sed  in  
t r a n s p o r t i n g  the  i c e  i n  the  p l a n t  (such  as  s h o v e l s ,  c a r t s ,  
t r a y s ,  a u g a r s ,  e t c . )  i f  they  a r e  made o f  i r o n  a n d / o r  g a l ­
v a n iz e d  i r o n .  A l l  implements  t h a t  come i n  c o n t a c t  w i th  
th e  sh r im p  or  s u b s t a n c e s  used  i n  th e  b r e a d i n g ,  e i t h e r  
d i r e c t l y  o r  i n d i r e c t l y ,  sh o u ld  be made o f  c o r r o s i o n  r e s i s ­
t a n t  m a t e r i a l s  such  as  s t a i n l e s s  s t e e l  o r  p l a s t i c .  I t  
shou ld  a l s o  be m entioned  t h a t  w a te r  u sed  in  p r o c e s s in g  
must n o t  be ov e r lo o k ed  as  a p o s s i b l e  so u rc e  o f  i r o n  con ­
ta m in a t io n .
A h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  between the
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p r e s e n c e  o f  i r o n  io n s  and t r e a t m e n t  o f  th e  shrimp i s  shown 
in  F ig u re  12. T rea tm en ts  c o n s i s t e d  o f  adding  a s c o r b i c  
a c i d - c i t r i c  a c i d  mix to  sam ples  and sodium t r i p o l y p h o s p h a t e  
to samples  to  t e s t  f o r  i n h i b i t i o n  o f  d i s c o l o r a t i o n .  The 
a n a l y s i s  d em o n s t ra te d  t h a t  an a s c o r b i c  a c i d - c i t r i c  a c id  
m ix t u r e  could  p r e v e n t  d i s c o l o r a t i o n  in  b re a d in g  when com­
p a red  t o  a c o n t r o l .  No i n c r e a s e  in  d i s c o l o r a t i o n  was n o ted  
i n  samples  c o n t a i n i n g  an a s c o r b i c  a c i d - c i t r i c  a c i d  m ix tu re  
w i th  added i r o n  i o n s .  The c o n t r o l  b read e d  shr imp samples  
i n c r e a s e d  r a p i d l y  w i th  th e  a d d i t i o n  o f  i r o n  i o n s .  The 
g raph  shows t h a t  sodium t r i p o l y p h o s p h a t e  has no e f f e c t  i n  
p r e v e n t i n g  d i s c o l o r a t i o n  i n  th e  p r e s e n c e  o f  i r o n  io n s .  In  
f a c t ,  t h e s e  shr imp samples showed a l a r g e r  i n c r e a s e  i n  
d i s c o l o r a t i o n  th a n  th e  c o n t r o l .  From th e  f i n d i n g s ,  i t  i s  
a p p a r e n t  t h a t  a s c o r b i c  a c i d - c i t r i c  a c id  m ix tu re  shou ld  be 
i n c o r p o r a t e d  i n t o  th e  b a t t e r  i n  o rd e r  to  p r e v e n t  d i s c o l o r a ­
t i o n  r e a c t i o n s  even when i r o n  ions  a r e  i n v o lv e d .  The l e v e l  
used  i n  t h e s e  ex p e r im e n ts  was 0.21 a s c o r b i c  a c i d  mixed w ih t  
1.0% c i t r i c  a c i d  i n  th e  b a t t e r .  Sodium t r i p o l y p h o s p h a t e  
s e rv e d  no u s e f u l  p u rp o s e ,  a c c o rd in g  t o  th e s e  e x p e r im e n t s ,  
and sh o u ld  n o t  be used  to  i n h i b i t  d i s c o l o r a t i o n  i n  b read ed  
shrimp when i r o n  io n s  a r e  r e s p o n s i b l e  f o r  c a u s in g  i t .  I t  
sh o u ld  be m en t ioned  t h a t  an a s c o r b i c  a c i d - c i t r i c  a c id  b le n d  
and sodium t r i p o l y p h o s p h a t e  were t e s t e d  s e p a r a t e l y  f o r  i n ­
h i b i t i n g  d i s c o l o r a t i o n .  I t  may be t h a t  a s y n e r g i s t i c  e f ­
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n o t  t e s t e d .  F igu re  24 shows samples t r e a t e d  w i th  a s c o r b i c  
a c i d - c i t r i c  a c id  mix and F ig u re  23 shows samples  t r e a t e d  
w i th  sodium t r i p o l y p h o s p h a t e .  These samples  were s t o r e d  
under  f r e e z e - t h a w  c o n d i t i o n s .  N o t ic e  th e  l a c k  o f  d i s ­
c o l o r a t i o n  i n  a s c o r b i c  a c i d - c i t r i c  a c id  t r e a t e d  sam p les ,  
even though s u b je c t e d  to  s t r e s s  c o n d i t i o n s .  The samples 
t r e a t e d  w i t h  sodium t r i p o l y p h o s p h a t e  and c o n t a i n i n g  i r o n  
ions  o b v io u s ly  d e m o n s t r a te  no d i s c o l o r a t i o n  i n h i b i t i o n  
p r o p e r t i e s .
A h ig h l y  s i g n i f i c a n t  i n t e r a c t i o n  was o b se rv ed  b e ­
tween th e  t e m p e r a tu r e  o f  s t o r a g e  and the  t r e a t m e n t s  t e s t e d  
to  i n h i b i t  d i s c o l o r a t i o n .  F ig u re  13 i l l u s t r a t e s  t h a t  as 
t e m p e r a tu r e  i n c r e a s e s  an  a s c o r b i c  a c i d - c i t r i c  a c i d  m ix tu re  
i s  s i g n i f i c a n t l y  e f f e c t i v e  i n  p r e v e n t i n g  d i s c o l o r a t i o n  i n  
breaded  sh r im p .  The g rap h  shows t h a t  sodium t r i p o l y p h o s ­
p h a t e  t r e a t e d  samples i n c r e a s e  i n  d i s c o l o r a t i o n  more 
r a p i d l y  t h a n  th e  c o n t r o l  o r  a s c o r b i c  a c i d - c i t r i c  a c id  
t r e a t e d  shr im p as t e m p e r a tu r e  i n c r e a s e s .  T h is  i n t e r a c t i o n  
m a n i f e s t s  t h e  p o in t  t h a t  sodium t r i p o l y p h o s p h a t e  does no t  
a c t  to  p r e v e n t  d i s c o l o r a t i o n  due to  t e m p e r a tu r e  v a r i a t i o n s  
and may even cause d i s c o l o r a t i o n  when u t i l i z e d  as  in  th e s e  
ex p e r im e n ts .  A r i s e  i n  d i s c o l o r a t i o n  was e v i d e n t  i n  a l l  
t h e  samples  as  the  t e m p e r a tu r e  r o s e .  T h i s ,  a g a i n ,  empha­
s i z e s  th e  im por tance  o f  m a in ta in in g  as  low a te m p e ra tu r e  as  
econom ica l ly  f e a s i b l e .





























Figure 13. The Effects of Storage Temperature
and Treatment of the Breaded Shrimp
as Evaluated by a Sight Panel
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the  p ro d u c t  and th e  days on i c e  p r i o r  to  b r e a d in g  i s  
h ig h ly  s i g n i f i c a n t .  According  to  F ig u re  14, shrimp 
b readed  a t  0 days on i c e  had th e  lo w e s t  index o f  d i s c o l o r a ­
t i o n  a t  -20°C fo l lo w e d  by b rea d in g  a t  8 and 16 d ay s .  How­
e v e r ,  w i th  an i n c r e a s e  in  t e m p e r a tu r e  d i s c o l o r a t i o n  o c c u rs  
f a s t e r  in  samples  breaded  a t  8 days th a n  samples  b readed  
a t  16 days .  Th is  i n c o n s i s t e n t  t r e n d  was p r o b a b ly  caused  
by th e  g r e a t e r  d e g ree  o f  d ec o m p o s i t io n  in  th e  shr imp a f t e r  
16 days on i c e .  The d i s c o l o r a t i o n  a t  t h i s  s t a g e  c r e a t e s  a 
un ifo rm  d i s c o l o r a t i o n  th ro u g h o u t  t h e  sample ,  p o s s i b l y  
c a u s in g  the  p a n e l i s t  to  g iv e  i t  a lower d i s c o l o r a t i o n  
r a t i n g .  This i n t e r a c t i o n  i l l u s t r a t e s  t h a t  shr imp sh o u ld  
be b read ed  i n  the  f r e s h e s t  s t a t e  p o s s i b l e  and th e n  m a in ­
t a i n e d  a t  a c o n s t a n t  low t e m p e r a tu r e  w h i le  i n  s t o r a g e .
The h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  between  th e  type  
o f  t r e a t m e n t  g iv e n  to  shrimp and th e  number o f  days the  
shrimp a r e  on i c e  p r i o r  to  b r e a d in g  i s  shown i n  F ig u re  15. 
The r e s p o n s e  to  d i s c o l o r a t i o n  i n  a s c o r b i c  a c i d - c i t r i c  a c id  
t r e a t e d  b readed  shr imp was low and c o n s i s t e n t  when compared 
t o  th e  c o n t r o l  and sodium t r i p o l y p h o s p h a t e  t r e a t e d  sam ples .  
I t  i s  a p p a r e n t  from t h i s  r e l a t i o n s h i p  t h a t  t h e  a s c o r b i c  
a c i d - c i t r i c  a c i d  t r e a t m e n t  i s  e f f i c i e n t  i n  r e t a r d i n g  d i s ­
c o l o r a t i o n  r e a c t i o n s  i n  b read ed  shrimp t h a t  have been on 
i c e  p r i o r  to  b r e a d in g  as long  a s  16 d ay s .  I t  i s  recom­
mended t h a t  b read e d  shrimp be t r e a t e d  w i th  an a s c o r b i c  












Figure 14. The Effects of Storage Temperature
and Days on Ice before Breading as































Figure 15. The Effects of Treated Breaded Shrimp
and the Days on Ice before Breading
as Evaluated by a Sight Panel
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i n c o n s i s t e n t  and does  n o t  show a t r e n d  o f  d i s c o l o r a t i o n  
p r e v e n t i o n  i n  b read ed  shrimp.
The p r e s e n c e  o f  i r o n  io n s  in  b readed  shrimp i n t e r ­
a c t i n g  w i th  the  l e n g t h  o f  t ime th e  shrimp were k ep t  i n  
c o ld  s t o r a g e  i s  h i g h l y  s i g n i f i c a n t .  I t  can  be seen  from 
F ig u re  16 t h a t  th e  p r e s e n c e  o f  i r o n  io n s  i n c r e a s e s  d i s ­
c o l o r a t i o n  a t  a f a s t e r  r a t e  a t  t h e  end o f  18 weeks o f  
s t o r a g e  th a n  i f  no io n s  a r e  p r e s e n t .  This  i n t e r a c t i o n  
d e m o n s t r a te s  th e  im por tance  o f  moving th e  b readed  shrimp 
as q u i c k l y  as  p o s s i b l e  th rough  th e  d i s t r i b u t i o n  c h a in  
w i th o u t  u n n e c e s s a ry  d e l a y s .
F ig u re  17 p l o t s  th e  h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  
between th e  t e m p e r a tu r e  o f  s t o r a g e  and th e  l e n g t h  o f  t ime 
the  samples a r e  m a in t a in e d  a t  t h e i r  r e s p e c t i v e  t e m p e ra tu re  
in  c o ld  s t o r a g e .  D i s c o l o r a t i o n s  a r e  more p r e v a l e n t  and 
occur  a t  a f a s t e r  r a t e  i n  samples  s t o r e d  a t  ±0°C th a n  i n  
samples s t o r e d  a t  -20°C. This  a g a i n  i l l u s t r a t e s  th e  im­
p o r t a n t  r o l e  o f  low t e m p e ra tu r e  i n  s t o r a g e ,  e s p e c i a l l y  
when th e  s t o r a g e  p e r i o d  i s  over  s e v e r a l  months .  Many 
t im es  te m p e ra tu r e  f l u c t u a t i o n s  o cc u r  w h i le  th e  f r o z e n  
p ro d u c t s  a r e  i n  t r a n s i t  to  d i s t r i b u t i o n  p o i n t s .
The h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  between mode o f  
t r e a t m e n t  and weeks o f  s t o r a g e ,  i l l u s t r a t e d  i n  F ig u re  18, 
p o i n t s  o u t  t h a t  a s c o r b i c  a c i d - c i t r i c  a c i d  t r e a t e d  b read ed  
shrimp a r e  l e s s  p ro n e  to  d i s c o l o r a t i o n  th an  e i t h e r  th e  




























Weeks o f  S to ra g e
Figure 16. The Effects of Iron Ions and the Length






























Weeks o f  S to r a g e
Figure 17. The Effects of Storage Temperature
and the Length of Storage Time as





























Weeks o f  S to ra g e
Figure 18. The Effects of Treated Breaded Shrimp
and the Length of Storage Time as
Evaluated by a Sight Panel
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d a t a  from the  sodium t r i p o l y p h o s p h a t e  t r e a t e d  shr imp i s  
i n c o n s i s t e n t  and a p p e a r s  to  have l i t t l e  e f f e c t  i n  p r e v e n t ­
ing d i s c o l o r a t i o n .
A h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  between weeks of  
c o ld  s t o r a g e  and number o f  days th e  shrimp a r e  m a in ta in e d  
on i c e  was o b se rv e d .  C l e a r l y ,  as  shown i n  F ig u re  19, th e  
e a r l i e r  the  shrimp a r e  b r e a d e d ,  th e  lo n g e r  th ey  can  be 
k e p t  i n  co ld  s t o r a g e .  A ga in ,  th e  shrimp h e ld  16 days on 
i c e  gave i n c o n s i s t e n t  p l o t s ,
IV. V o l a t i l e  BaSes A n a ly s i s
An ex am in a t io n  o f  v o l a t i l e  b a s e s  was co n d u c ted  to 
d e te rm in e  th e  volume o f  v o l a t i l e  n i t r o g e n  p roduced  under  
d i f f e r e n t  c o n d i t i o n s  o f  s t o r a g e .  S in ce  v o l a t i l e  b a s e s  p r o ­
duced from th e  shrimp a r e  r e s p o n s i b l e  f o r  pH i n c r e a s e s  i n  
b r e a d in g  m a t e r i a l  and s i n c e  a h ig h  pH i n  b r e a d in g  w i l l  
c au se  d i s c o l o r a t i o n  r e a c t i o n s  to  t a k e  p l a c e  on b rea d e d  
sh r im p ,  t h i s  ex p e r im en t  was d e s ig n e d  t o  show t h e  amount o f  
v o l a t i l e  b a se s  g iv e n  o f f  under  v a r i o u s  c o n d i t i o n s  o f  s t o r ­
age t h a t  may be en c o u n te red  by th e  shr imp from th e  t ime i t  
i s  ca u g h t  u n t i l  i t  i s  consumed. M i l l ig r a m s  o f  v o l a t i l e  
n i t r o g e n  p e r  100 grams o f  sample were c a l c u l a t e d  over  a 
20-day p e r io d  o f  t im e (1) on i c e ,  (2) under  f r e e z e - t h a w  
c o n d i t i o n s ,  and (3) u nder  c o n s t a n t  f r o z e n  t e m p e r a tu r e  o f  
-20°C. R e fe rence  to  F ig u re  25 shows th e  r e l a t i o n s h i p  o f  





























Weeks o f  S to ra g e
Figure 19. The Effects of Days on Ice before Breading
and Length of Storage Time as Evaluated by
a Sight Panel
F ig u re  20, D i s c o lo r e d  Samples Produced Commercially 
by a Breaded Shrimp P ro c e s s o r
F ig u re  21. C on t ro l  Breaded Shrimp S to re d  a t  ±0°C f o r  
A pprox im ate ly  3 Months (dark  a r e a s  d en o te  
" y e l lo w in g ” ) ,
F ig u re  22. C o n t ro l  Breaded Shrimp, C o n ta in in g  I r o n  I o n s ,  
and S to re d  a t  ±0°C f o r  A pprox im ate ly  3 
Months (d a rk  a r e a s  d e n o te  " g r a y i n g ” ) .
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F ig u re  23. Sodium T r ip o ly p h o s p h a te  T r e a t e d  Breaded
Shrimp C o n ta in in g  I ro n  Ions  and S to re d  a t  
±0°C, f o r  A p p r o x i m a t e l y 3 Months
F ig u re  24. A s c o rb ic  A c i d - C i t r i c  Acid T re a te d  Breaded 




























-O = a n t e r i o r  end a t  -20°C 
p o s t e r i o r  end a t  -20°C 
a n t e r i o r  end a t  ±0°C 
p o s t e r i o r  end a t  ±0°C 
a n t e r i o r  end ,  i c e  








F igu re  25. The I n f l u e n c e  o f  S to ra g e  C o n d i t io n s  on 
th e  P ro d u c t io n  o f  V o l a t i l e  Bases i n  
Shr imp
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t h e  i n c r e a s e  in  volume o f  v o l a t i l e  b ase  p r o d u c t io n  when 
th e  samples were m a in ta in e d  on i c e .  A s m a l l e r  i n c r e a s e  i s  
e v i d e n t  in  samples undergo ing  f r e e z i n g  and th a w in g , w h i le  
samples  under  a c o n s t a n t  t e m p e ra tu re  o f  -20°C showed l i t t l e  
i n c r e a s e .  D i f f e r e n c e s  a r e  a l s o  no ted  i n  d i f f e r e n t  s e c t i o n s  
o f  the  b read ed  shrimp sam ples .
In  o r d e r  to  d e te rm in e  th e  s i g n i f i c a n c e  o f  th e  d i f ­
f e r e n c e s  i n  v o l a t i l e  b ase  p r o d u c t i o n ,  a s t a t i s t i c a l  a n a l y ­
s i s  o f  th e  d a t a  was p e r fo rm ed .  Tab le  6 shows the  main e f ­
f e c t s  and i n t e r a c t i o n s  found i n  t h i s  expe r im en t  a long  w i th  
t h e  s i g n i f i c a n c e  o f  ea ch .
F in d in g s  shows t h a t  th e  main e f f e c t s  o f  th e  t e m p e ra ­
t u r e  of  s t o r a g e  and th e  days i n  s t o r a g e  were h ig h ly  s i g ­
n i f i c a n t .  This  i n d i c a t e s  t h a t  a l l  t h e s e  e f f e c t s  have a 
r e l a t i o n s h i p  i n  i n f l u e n c i n g  th e  amount o f  v o l a t i l e  b ases  
p roduced .  The main e f f e c t  o f  shrimp t a i l  s e c t i o n  was found 
to  be n o n - s i g n i f i c a n t ,  showing t h a t  v o l a t i l e  b a s e s  a r e  
g iv e n  o f f  e q u a l ly  i n  any one a r e a  o f  t h e  shrimp f l e s h .  
However, i t  shou ld  be k e p t  in  mind t h a t  t h e  s h e l l  a t  th e  
p o s t e r i o r  end may f u n n e l  and c o n c e n t r a t e  th e  v o l a t i l e  
b a s e s ,  th u s  c r e a t i n g  c o n c e n t r a t i o n  a r e a s  and g iv in g  r i s e  
t o  pH i n c r e a s e s ,  which i n  t u r n  cau se  d i s c o l o r a t i o n .
A s i g n i f i c a n t  i n t e r a c t i o n  was o b se rv e d  between  th e  
te m p e ra tu r e  o f  s t o r a g e  and th e  amount o f  v o l a t i l e  base  
p r o d u c t io n  i n  each s e c t i o n  o f  th e  sh r im p .  A ccord ing  to 
F ig u re  26, th e  shrimp s t o r e d  under  f r e e z e - t h a w  c o n d i t i o n s
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TABLE 6
A n a ly s i s  o f  V a r ian c e s  f o r  V o l a t i l e  Base P ro d u c t io n
i n  Shrimp
Source Degrees o f  Freedom Mean Square F Value
S to ra g e  Tem pera ture 2 35558.5000 1195.6620**
Days o f  S to ra g e 4 14167.6875 476.3907**
S e c t io n  o f  Shrimp 1 1.5340 0.0516
Temp X Days 8 5726.6875 192.5607**
Temp X S e c t io n 2 131.4757 4.4209*
Days X S e c t io n 4 62.1989 2.0915
Temp X Days X S e c t io n  8 82.6328 2.7786*
E r r o r 60 29.7375
T o ta l 89
A l l  main e f f e c t s  and i n t e r a c t i o n s  were t e s t e d  u s in g  
th e  e r r o r  v a l u e .
* S i g n i f i c a n t  a t  th e  5% l e v e l
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Head T a i l
S e c t i o n
F ig u re  26. The E f f e c t s  o f  S to r a g e  Tem pera tu re  
v e r s u s  the  S e c t i o n  o f  Shrimp i n  
V o l a t i l e  Base P ro d u c t io n
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and a t  -20°C showed v e ry  l i t t l e  d i f f e r e n c e  i n  volume o f  
v o l a t i l e  bases  i n  th e  a n t e r i o r  end a s  opposed to  th e  p o s ­
t e r i o r  end. In  f a c t ,  s m a l l e r  amounts o f  v o l a t i l e  b ases  
were p r e s e n t  i n  th e  p o s t e r i o r  a r e a  than  in  the  a n t e r i o r  
a r e a .  However, when th e  shrimp were m a in ta in e d  on i c e ,  
more v o l a t i l e  b a s e s  were produced  in  th e  p o s t e r i o r  r e g io n  
as  compared to  t h e  a n t e r i o r  a r e a .  This co u ld  be due to  
th e  i n c r e a s e d  b a c t e r i a l  g row th  in  t h a t  a r e a  because  o f  the  
p r o t e c t i v e  c h a r a c t e r i s t i c s  o f  the  s h e l l  a t  t h a t  end.
An o b s e r v a t i o n  made between s t o r a g e  t e m p e ra tu r e  and 
days o f  s to r a g e  shows a h ig h l y  s i g n i f i c a n t  i n t e r a c t i o n .  
From F ig u re  27, i t  can be seen  t h a t  as th e  days on i c e  
i n c r e a s e  so does th e  amount o f  v o l a t i l e  b a s e s .  Samples 
h e ld  a t  -20°C show th e  l e a s t  amount o f  i n c r e a s e ,  w h i le  
sam ples  un d e rg o in g  f r e e z i n g  and thawing show a h ig h e r  i n ­
c r e a s e .  Shrimp samples  h e l d  on i c e  show a v e ry  l a r g e  
i n c r e a s e  of  v o l a t i l e  b a s e s  a f t e r  20 d a y s .  This  g raph  
m a n i f e s t s  a g a in  t h e  im por tance  o f  p r o c e s s i n g  f r e s h  shrimp 























Days i n  S to rag e
F ig u re  27. The E f f e c t s  o f  S to ra g e  Tem pera tu re  
v e r s u s  th e  Days o f  S to ra g e  in  
V o l a t i l e  Base P ro d u c t io n
SUMMARY
The f a c t o r s  r e s p o n s i b l e  f o r  c a u s in g  o r  i n f l u e n c i n g  
d i s c o l o r a t i o n  in  b r e a d e d  shrimp were s t u d i e d .  P r e l im i n a r y  
s t u d i e s  were conduc ted  to  a s c e r t a i n  the  b a s i c  f a c t o r s  r e ­
s p o n s i b l e  f o r  d i s c o l o r a t i o n .
By means o f  a s i g h t  p a n e l ,  the  f a c t o r s  o f  (1) i r o n  
i o n s ,  (2)  t e m p e r a t u r e ,  (3) t r e a t m e n t s ,  (4) days  on i c e ,  and 
(5) weeks i n  s t o r a g e  were e v a l u a t e d .  The t r e a t m e n t s  co n ­
s i s t e d  o f  (1) b r e a d i n g  w i th  an a s c o r b i c  a c i d - c i t r i c  a c i d  
m i x t u r e ,  and (2) sodium t r i p o l y p h o s p h a t e  t r e a t e d  shrimp to  
t e s t  t h e  e f f e c t i v e n e s s  o f  each t o  p r e v e n t  d i s c o l o r a t i o n .
When the  pH o f  the  b r e a d i n g  was a l k a l i n e ,  i t  was 
shown to  cause  d i s c o l o r a t i o n .  Based on t h i s ,  an ex p e r im en t  
was d e s ig n e d  to  t e s t  (1) t e m p e r a tu r e  o f  s t o r a g e ,  (2) days 
i n  i c e  p r i o r  to b r e a d i n g ,  (3) weeks i n  s t o r a g e ,  and 
(4] s e c t i o n  o f  s h r im p ,  as  f a c t o r s  c a p a b le  o f  c a u s in g  o r  
i n f l u e n c i n g  pH. The s e c t i o n  o f  t h e  shrimp r e f e r s  t o  the  
shr imp t a i l s  d iv id e d  i n t o  the  a n t e r i o r  end and th e  p o s ­
t e r i o r  end.
Due to  t h e i r  a b i l i t y  t o  c a u se  changes  i n  a l k a l i n i t y ,  
v o l a t i l e  base  p r o d u c t i o n  was a l s o  e v a lu a t e d  as  a f a c t o r  
i n f l u e n c i n g  d i s c o l o r a t i o n .
S t a t i s t i c a l  a n a l y s e s  were  perfo rm ed  on th e  d a t a  to
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d e te rm in e  th e  s i g n i f i c a n c e  o f  t h e  f a c t o r s  in v o lv ed  i n  d i s ­
c o l o r a t i o n .
From the  r e s u l t s  o f  t h e s e  e x p e r im e n t s ,  a summary o f  
c o n c lu s io n s  i s  l i s t e d  below.
1. I t  was shown t h a t  the  c o n d i t i o n  o f  the, shr im p a t  
th e  t ime o f  b rea d in g  can i n f l u e n c e  d i s c o l o r a t i o n .  The 
p r e s e n c e  o f  i r o n  io n s  can  a l s o  a f f e c t  d i s c o l o r a t i o n .
Breaded shrimp shou ld  always be m a in ta in e d  a t  as low a 
t e m p e r a tu r e  as e c o n o m ica l ly  f e a s i b l e ,  w h i le  av o id in g  f r e e z ­
ing and thaw ing .  E x ce s s iv e  s t o r a g e  t im es  shou ld  be av o id ed  
by moving th e  p ro d u c t  to  th e  consumer as r a p i d l y  as 
p o s s i b l e .
2. F in d in g s  showed t h a t  t e m p e ra tu r e  f l u c t u a t i o n ,  
q u a l i t y  o f  shrimp a t  th e  t im e o f  b r e a d in g  and len g th  o f  
t ime o f  s t o r a g e ,  a l l  c o n t r i b u t e  to  an i n c r e a s e  i n  pH i n  
b readed  sh r im p .  S i g n i f i c a n t  d i f f e r e n c e s  o f  pH i n  d e f i n i t e  
p a r t s  o f  t h e  same shrimp samples were o b se rv e d .
3. V o l a t i l e  b a s e  p r o d u c t io n  i s  h igh  i f  shrimp a r e  
i c e d  d u r in g  s t o r a g e ,  and t h e r e f o r e  shrimp shou ld  be p r o ­
c e s s e d  as r a p i d l y  as p o s s i b l e .  A p p a r e n t ly ,  d i s c o l o r a t i o n  
i s  enhanced when th e  s h e l l  i s  n o t  removed from the  shrimp 
t a i l .
4. An a s c o r b i c  a c i d - c i t r i c  a c i d  m ix t u re  was v e ry  
e f f e c t i v e  i n  p r e v e n t i n g  d i s c o l o r a t i o n  i n  b readed  sh r im p ,  
even in  s t r e s s e d  sam ples .  Sodium t r i p o l y p h o s p h a t e ,  i n  co n ­
c e n t r a t i o n s  used i n  t h e  e x i s t i n g  e x p e r im e n ta l  c o n d i t i o n s ,  
d id  no t  p r e v e n t  d i s c o l o r a t i o n .
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